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ABSTRACT
Elbow disorders are one of the commonest musculoskeletal problems with a prevalence of 9% in
men and 8.1% in women. Patient centered care is the goal of current healthcare delivery models;
but optimizing treatment outcome and clinical research is hampered by a lack of outcome
measures. Since pain and disability resulting from elbow disorders are experienced differently
across individuals, they are best captured by patient reported outcome measures (PROM).
PROMs like the Patient-rated Elbow Evaluation (PREE); American Shoulder and Elbow
surgeons – Elbow form (pASES-e) have been developed for use in elbow disorders, but
important questions remain about their measurement properties. The key questions are: 1) what
is the structural, construct validity and responsiveness of existing PROMs? 2) Does the PREE fit
a continuous metric? 3) Do PROMs reflect the concerns that are important to patients and the
World Health Organization’s International Classification of Functioning Disability and Health
(ICF) and its core sets? And finally, 4) what is known after synthesizing this new information
with all prior knowledge on measurement elbow-related disability?
The overall objective of this thesis is to evaluate the psychometric properties of the PREE
and the pASES-e. We used a mix of modern and traditional psychometric methods to assess the
psychometric properties of the two elbow PROMs. We analyzed the construct validity,
sensitivity to change, factor structure and internal consistency of these two measures using
classical test methods. Then we synthesized the literature on psychometric properties of these
two measures by conducting a systematic review. International Classification of Functioning
Disability and Health (ICF) was used to analyze the content of these PROMs and compare them
to the concerns self-nominated by patients with regards to functional activities. Finally Rasch
analysis of the PREE was completed.
The results of the thesis indicate that the PREE and the pASES-e are valid reliable and
sensitive to change. Both measures exhibited acceptable levels of content validity and have
confirmed to the framework of the ICF. They also had enough depth and breadth to cover the
important concerns related to function self-endorsed by elbow disorder patients. The PREE
ii

satisfied Rasch model requirements with minimal data handling with a potential for obtaining an
unbiased interval level estimate. Appropriate recommendations have been made for future
research based on the outcomes of this work.
This work has enabled us to establish a core set of measures that are valid, reliable and
sensitive to change to measure activity limitation and participation restrictions in people with
elbow disorders that are critical to advancing clinical research and practice.
KEYWORDS: PREE, pASES-e, clinical measurement properties, validity, reliability,
responsiveness, ICF, Rasch analysis

iii

CO-AUTHORSHIP
Research question, specific objectives and individual study design were developed by Joshua I.
Vincent and Joy C. MacDermid with inputs from Graham J.W. King and Ruby Grewal. Coinvestigators were recruited when additional raters with specific expertise were required. Thesis
advisory committee members were included as co-authors for specific chapters based on their
input to individual chapters in this thesis work. The authors and specific roles for each chapter of
the thesis are listed below:
CHAPTER 1: INTRODUCTION
Joshua I. Vincent – sole author
CHAPTER 2: VALIDITY AND SENSITIVITY TO CHANGE OF PATIENT-REPORTED
PAIN AND DISABILITY MEASURES FOR ELBOW PATHOLOGIES
Joshua I. Vincent – primary author, study design, data analysis and wrote manuscript
Joy C. MacDermid – study design, data analysis and reviewed manuscript
Graham J.W. King – Study design, provided subjects and reviewed manuscript
Ruby Grewal - Study design, provided subjects and reviewed manuscript
CHAPTER 3: MEASUREMENT OF ELBOW PAIN AND FUNCTION: A SYSTEMATIC
REVIEW OF THE PSYCHOMETRIC PROPERTIES OF TWO ELBOW SELF-REPORT
MEASURES
Joshua I. Vincent – primary author, responsible for study design, literature review, quality
appraisal, data extraction, narrative synthesis and manuscript writing
Joy C. MacDermid – study design, data analysis and reviewed manuscript
Graham J.W. King – Study design and reviewed manuscript
Ruby Grewal - Study design and reviewed manuscript
Emily Lalone – Quality appraisal, data extraction and reviewed manuscript

iv

CHAPTER 4: LINKING OF THE PATIENT RATED ELBOW EVALUATION (PREE) AND
THE AMERICAN SHOULDER AND ELBOW SURGEONS – ELBOW QUESTIONNAIRE
(PASES-E) TO THE INTERNATIONAL CLASSIFICATION OF FUNCTIONING
DISABILITY AND HEALTH (ICF) AND HAND CORE SETS
Joshua I. Vincent – primary author, responsible for study design, rater for ICF linking, data
analysis and wrote manuscript
Joy C. MacDermid – study design, rater for ICF linking, data analysis and reviewed manuscript
Graham J.W. King – Study design and reviewed manuscript
Ruby Grewal - Study design and reviewed manuscript
CHAPTER 5: THE PATIENT RATED ELBOW EVALUATION AND THE AMERICAN
SHOULDER AND ELBOW SURGEONS – ELBOW FORM CAPTURE ASPECTS OF
FUNCTIONING THAT ARE IMPORTANT TO PATIENTS WITH ELBOW INJURIES
Joshua I. Vincent – primary author, responsible for design, data collection, data analysis, rater
for ICF linking and wrote manuscript
Joy C. MacDermid – study design, rater for ICF linking, data analysis and reviewed manuscript
Graham J.W. King – Study design, provided subjects and reviewed manuscript
Ruby Grewal - Study design, provided subjects and reviewed manuscript
CHAPTER 6: RASCH ANALYSIS OF THE PATIENT RATED ELBOW EVALUATION
Joshua I. Vincent – primary author, responsible for study design, data organizing, Rasch analysis
and wrote manuscript
Joy C. MacDermid – study design, Rasch analysis and reviewed manuscript
Graham J.W. King – Study design, provided subjects and reviewed manuscript
Ruby Grewal - Study design, provided subjects and reviewed manuscript
CHAPTER 7: GENERAL DISCUSSION
Joshua I. Vincent – sole author

v

ACKNOWLEDGEMENT
I would like to thank the Lord God Almighty for all the blessings that He has showered
upon me all throughout my life, especially this special one.
I would like to thank my supervisor Dr. Joy C. MacDermid. Joy, words cannot describe
how thankful I am to you for your continual unwavering support and guidance that has brought
me to where I am today in my academic life. Still I remember the day, four years ago, when you
talked on how to complete a manuscript in sixteen days. It was that spark that set me on fire for
all the work that I was able to accomplish in the past four years. I have always admired the way
you deal with volatile situations and have learnt lessons from them. I have always looked on to
you as a mentor and as a guide. You told that you trust me with the work that I am doing and I
hope that I stood up to your expectations.
I would like to thank my advisory committee members Dr. Ruby Grewal and Dr. Graham
J.W. King for their advice and direction throughout the course of my PhD. Ruby, thank you for
being a powerful role model and a mentor. I have always admired your keen interest on details in
spite of your busy schedule. I will always be glad that we had that conversation at my desk, when
I messed up at work, which really changed my outlook about relating to people and voicing my
views without fear. Thank you for all the help that you have been in setting up my career as a
researcher. Graham, I have finally included your middle initials correctly this time in your name,
without you having to change it as you have done through these years. You have always been a
down-to-earth person with subtle promptings towards the right direction. Thank you for all the
help that you have been to me.
I would like to thank all my colleagues and lab mates especially Jayaprakash Raman,
Kate Kelly and Derek Cheung. JP I am always grateful to you for the guidance that you gave me
in choosing this university. Kate thanks for being an amazing co-worker and friend. I am
thankful for all the help that you have been to me with this thesis. Derek, man you have been a
great friend and an awesome lab mate. I will always remember the practical help that you were to
me in settling down here; I always cherish your friendship. I would also like to thank all the
surgeons, fellows, residents and nurses at the Roth McFarlane Hand and Upper Limb Clinic for
their help in screening and recruiting patients for the study.
vi

I take great pride in thanking my mom (Mrs. Kalyani Vincent), my sister (Ms.Janet
Vincent) and my brother (Mr. Jaba Vincent). Mummy, Jem and Sam, because of you I am who I
am today. You have been the propelling force that has made me stay in school since 2002. Mom
along with Dad, you have instilled all the good values and the fear of God in me that has made
me the man that I am today. And I know that I have brought you the joy and happiness that you
deserve. We as a family have always been one single unit bound with cords of love during the
highs and lows of life. And I know we will be like that until the end.
Finally, Vanitha my beloved wife, I have no words to thank you for all the help that you
have been with this thesis and in my life at large. You have been my best friend and now you are
the love of my life. I can promise you that all those times that I missed to spend with you is over;
and I know you did not make a big deal of it. You have been very patient, enduring and hard
working. And I dedicate this thesis to you along with my mom, sister and brother.

vii

TABLE OF CONTENTS

ABSTRACT

ii

KEYWORDS

iii

CO-AUTHORSHIP

iv

ACKNOWLEDGEMENTS

vi

TABLE OF CONTENTS

viii

LIST OF TABLES

xv

LIST OF FIGURES

xviii

CHAPTER 1: INTRODUCTION
Elbow disorders and outcome assessment

1

Types of outcome measures

1

Models of health

2

International classification of Functioning Disability and Health (ICF)

2

ICF core set for Hand conditions

3

Classification of Elbow outcome measures based on the ICF framework

4

The Patient Rated Elbow Evaluation form (PREE):

4

The self-report section of the American Elbow and Shoulder Surgeons –

6

Elbow form (pASES-e):
Criteria for evaluation of patient reported outcome measures

7

Gaps in the current knowledge

9

Research question

9

Objectives

9
viii

10
Thesis Overview
11
References
CHAPTER 2: VALIDITY AND SENSITIVITY TO CHANGE OF PATIENTREPORTED PAIN AND DISABILITY MEASURES FOR ELBOW PATHOLOGIES
Abstract

20

Introduction

22

Material and Methods

22

Study design

24

Subjects

24

Outcome measures

25

Patient Rated Elbow Evaluation (PREE)

25

American Shoulder and Elbow Surgeons(ASES-e)

25

Disabilities of Arm, Shoulder and Hand (DASH)

26

The Short Form 36-item Health Survey (SF-36)

26

Statistical analysis

26

Results

28
Internal consistency

28

Concurrent construct validity

28

Longitudinal validity

29

Sensitivity to change

29

Factor analysis

29

Discussion

30

Conclusion

34

ix

References

34

CHAPTER 3: MEASUREMENT OF ELBOW PAIN AND FUNCTION: A
SYSTEMATIC REVIEW OF THE PSYCHOMETRIC PROPERTIES OF TWO
ELBOW SELF-REPORT MEASURES
Abstract

46

Introduction

48

Material and Methods

49

Description of the measures

49

Search strategy

49

Selection criteria

50

Quality appraisal

50

Results

50
Search yield

50

Quality rating

51

Readability, language and cross cultural translation/adaptation

51

Administrative burden

52

Floor and ceiling effects

52

Factorial validity

52

Construct validity

52

Reliability

52

Discussion

54

References

57

x

CHAPTER 4: LINKING OF THE PATIENT RATED ELBOW EVALUATION
(PREE) AND THE AMERICAN SHOULDER AND ELBOW SURGEONS –
ELBOW QUESTIONNAIRE (PASES-E) TO THE INTERNATIONAL
CLASSIFICATION OF FUNCTIONING DISABILITY AND HEALTH (ICF) AND
HAND CORE SETS
Abstract

72

Introduction

74

Methods

75

Description of measures

75

Content analysis of the PREE and the pASES-e using the ICF

76

Measure to ICF linkage

77

Assessing the extent to which the ICF core set for hand condition
covers the content of the PREE and the pASES-e
Results

77

79
Analysing the conceptual basis of the PREE and the pASES-e in
light of the ICF

79

Assessing the extent to which the ICF core set for hand
conditions cover the content of the PREE and the pASES-e

79

Discussion

80

Conclusion

83

References

84

CHAPTER 5: THE PATIENT RATED ELBOW EVALUATION AND THE
AMERICAN SHOULDER AND ELBOW SURGEONS – ELBOW FORM
CAPTURE ASPECTS OF FUNCTIONING THAT ARE IMPORTANT TO
PATIENTS WITH ELBOW INJURIES
Abstract

93

Introduction

95
xi

Methods

96

Subjects

96

Procedure

97

ICF linking of patient concerns

97

Comparison to the PREE and the pASES-e

97

Data analysis

97

Results

98
Linking of patient concerns to the ICF

98

Comparison to the PREE and the pASES-e

99

Discussion

99

Conclusion

102

References

103

CHAPTER 6: RASCH ANALYSIS OF THE PATIENT RATED ELBOW
EVALUATION
Abstract

111

Introduction

112

Methods

114

Research design

114

Participants

114

Procedures

114

Rasch analysis

115

Likelikhood ratio test

115

Inspection of class interval structure

115

xii

Examination of the Thresholds

115

Fit statistics

115

Reliability indices

116

Differential item functioning (DIF)

116

Local dependency

116

Unidimensionality

117

Targeting

117

Results

117
Handling of data to fit the Rasch model

117

Specific activities subscale

118

Usual activities subscale

118

Discussion

119

Conclusion

122

References

123

CHAPTER 7: GENERAL DISCUSSION
Summary

137

Integrated Knowledge Translation and clinical implication

139

Contributions of the thesis to measurement theory and practice

139

Strengths and the limitations

140

Future directions

141

References

142

APPENDICES
APPENDIX 1: ETHICS APPROVAL FORMS
xiii

143

APPENDIX 2: LETTER OF INFORMATION

148

APPENDIX 3: CONSENT STATEMENT

151

APPENDIX 4: COPYRIGHT PERMISSION

152

APPENDIX 5: CURRICULUM VITAE

155

xiv

LIST OF TABLES

CHAPTER 1: INTRODUCTION
Table 1: Elbow outcome measures classification based on ICF

16

Table 2: Definitions of clinical measurement properties

18

CHAPTER 2: VALIDITY AND SENSITIVITY TO CHANGE OF PATIENTREPORTED PAIN AND DISABILITY MEASURES FOR ELBOW PATHOLOGIES
Table 1: Baseline patient characteristics

39

Table 2: Concurrent construct validity of the PREE, the pASES-e and the 40
DASH
Table 3: Longitudinal validity of the PREE, the ASES-e and the DASH

41

Table 4: Effect sizes and Standardized response mean for the three 42
questionnaires
Table 5: Summary of exploratory factor analysis of the PREE using Principal 43
Component Analysis with Varimax rotation
Table 6: Summary of exploratory factor analysis of the pASES-e using Principal 44
Component Analysis with Varimax rotation
Table 7: Summary of exploratory factor analysis of the DASH using using 45
Principal Component Analysis with Varimax rotation
CHAPTER 3: MEASUREMENT OF ELBOW PAIN AND FUNCTION: A
SYSTEMATIC REVIEW OF THE PSYCHOMETRIC PROPERTIES OF TWO
ELBOW SELF-REPORT MEASURES
Table 1: Summary table describing the studies included in the systematic
review

62

Table 2: Quality of studies included in the systematic review (Arranged
according to study quality)

63

xv

Table 3: Summary of validity properties, cross cultural adaptations and
administrative and responder burden of the PREE and the pASES-e

64

Table 4: Summary of reliability indices for the PREE and the pASES-e

67

Table 5: Summary of responsiveness properties of the PREE and the pASES-e

69

CHAPTER 4: LINKING OF THE PATIENT RATED ELBOW EVALUATION
(PREE) AND THE AMERICAN SHOULDER AND ELBOW SURGEONS –
ELBOW QUESTIONNAIRE (PASES-E) TO THE INTERNATIONAL
CLASSIFICATION OF FUNCTIONING DISABILITY AND HEALTH (ICF) AND
HAND CORE SETS
Table 1: ICF linkage indicator for measure to ICF linkage and percentage
agreement between the raters

87

Table 2: ICF linkage indicators to define the depth and breadth of linkage
between items of the PREE and pASES-e and the ICF core sets

88

Table 3: ICF linking of Patient Rated Elbow Evaluation

89

Table 4: ICF linking of American Shoulder and Elbow Surgeons – Elbow form

90

CHAPTER 5: THE PATIENT RATED ELBOW EVALUATION AND THE
AMERICAN SHOULDER AND ELBOW SURGEONS – ELBOW FORM
CAPTURE ASPECTS OF FUNCTIONING THAT ARE IMPORTANT TO
PATIENTS WITH ELBOW INJURIES
Table 1: Patient characteristics

108

Table 2: Table showing the aspects of functioning captured by PREE and
pASES-e

109

CHAPTER 6: RASCH ANALYSIS OF THE PATIENT RATED ELBOW
EVALUATION
Table 1: Summary fit statistics for individual subscales of the PREE

128

Table 2: Table showing the structure of scores for individual items of PREE

129

xvi

Table 3: Initial fit statistics for individual items of the PREE

130

Table 4: DIF summary (gender) for the individual items of the PREE

131

Table 5: DIF summary (Age Group) for the individual items of the PREE

132

Table 6: Principal component analysis (PCP) showing first component
loadings for individual items of the PREE

133

xvii

LIST OF FIGURES
CHAPTER 1: INTRODUCTION
Figure 1: International Classification of Functioning Disability and Health
conceptual model

19

CHAPTER 3: MEASUREMENT OF ELBOW PAIN AND FUNCTION: A
SYSTEMATIC REVIEW OF THE PSYCHOMETRIC PROPERTIES OF TWO
ELBOW SELF-REPORT MEASURES
Figure 1: Systematic review evidence flowchart based on PRISMA guidelines

71

CHAPTER 4: LINKING OF THE PATIENT RATED ELBOW EVALUATION
(PREE) AND THE AMERICAN SHOULDER AND ELBOW SURGEONS –
ELBOW QUESTIONNAIRE (PASES-E) TO THE INTERNATIONAL
CLASSIFICATION OF FUNCTIONING DISABILITY AND HEALTH (ICF) AND
HAND CORE SETS
Figure 1: ICF linkage indicator for measure to ICF linkage and percentage
agreement between the raters

91

Figure 2: ICF linkage indicators to define the depth and breadth of linkage
between items of the PREE and ASES-e and the ICF core sets

92

CHAPTER 5: THE PATIENT RATED ELBOW EVALUATION AND THE
AMERICAN SHOULDER AND ELBOW SURGEONS – ELBOW FORM
CAPTURE ASPECTS OF FUNCTIONING THAT ARE IMPORTANT TO
PATIENTS WITH ELBOW INJURIES.
Figure 1: Spider plot showing the distribution ICF categories and their importance
based on patient responses

xviii

110

CHAPTER 6: RASCH ANALYSIS OF THE PATIENT RATED ELBOW
EVALUATION
Figure 1 Showing disordered threshold for item 5 “How often do you have pain?”
of the pain subscale

134

A) Before rescoring

134

B) Before rescoring

134

Figure 2 Person-item threshold distributions for the individual subscales of the
Patient Rated Elbow Evaluation questionnaire showing targeting
A) Pain sub scale

135

B) Specific activities sub scale

135

C) Usual activities sub scale

136

xix

1

CHAPTER 1: INTRODUCTION
Elbow disorders and outcome assessment
Disorders of the elbow can range from simple tendinitis to malignant tumors.11 Regardless of the
conditions newer and better treatment options are available for management of these conditions.1
This is made possible due to high quality research on the outcomes of these treatment
procedures. Measurement of health outcomes is an integral part of clinical practice and health
research.2, As for any other joint or condition, measuring outcomes of elbow disorders and its
management have three main purposes: discrimination, prediction and evaluation.3
Discrimination is the ability to differentiate between different levels of health and disability.
Prediction is the ability of an outcome measure to predict future events. While, evaluation is the
ability to measure the outcome of a medical, surgical or rehabilitative intervention.
Types of outcome measures
There are two broad categories of outcome measures: clinician based or performance
based outcome measures (CBO) and patient rated outcome measures (PROM).4 CBO measures
are clinical tests or observations performed by a clinician to evaluate the status of a patient’s
health condition in a clinical setting. 4 A PROM is defined as any report of the status of a
patient’s health condition that comes directly from the patient, without interpretation by another
person.5 One main disadvantage of using the CBO is that they may not accurately capture the
perspective of patient. Realizing the importance of PROMs several organizations including the
Food and Drug Administration (FDA) have made the use of PROMs mandatory in drug label
claims.5
In the last couple of decades, outcomes research has been influenced by the paradigm
shift of importance from ‘efficacy’ to ‘effectiveness’. Efficacy is defined as the biological effect
of treatment delivered under carefully controlled conditions.6 In contrast, effectiveness is
defined as the usefulness of a particular treatment to the individuals receiving it under typical
clinical conditions.6 The emphasis has shifted from measuring narrow biological effects of
treatments to assessing the broader biopsychosocial impact of health interventions.3 In other
words, it is the broadening of clinical outcomes research along a continuum from measurements
at the level of body functions/ body structures to focusing on activity limitation and participation
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restriction.7,8 This paradigm shift has made this whole concept of measuring health and disability
a complex matrix needing a conceptual framework to understand all the factors that come into
play.
Models of health
There are various frameworks that help in guiding clinicians and health researchers in
understanding what aspects of health ought to be measured. Conceptual models of particular
relevance to rehabilitation include Nagi’s model,9 the International Classification of
Impairments, Disabilities and Handicaps (ICIDH)10 and the International Classification of
Functioning Disability and Health (ICF).11 The first two models are social models, with inherent
limitations. They look at disability as a socially created problem and not the problem of the
individual.12 The ICF is a biopsychosocial model that integrates the medical and social models of
disability.11,13 Here disability is perceived as a consequence of biological, personal, and social
dimensions.14 The ICF model which is the current international framework for measuring health
and health related states will be discussed in detail.
International classification of Functioning Disability and Health (ICF)
The ICF is a biopsychosocial model which provides a clearer synthesis of the previous
models of disability thus providing a universal language to discuss functioning and disability
across disciplines and borders. 11-15 It was accepted by the World Health Assembly in the year
2001. Within the ICF, the term ‘health condition’ is used to describe the health problem. The ICF
has two major parts: a conceptual model and a coding system. The conceptual model helps us to
understand the dynamic interaction between a person’s health condition and other contextual
factors. (See Figure 1) The conceptual model has 2 main parts – functioning and disability; and
contextual factors. The functioning and disability part has three domains: body structures and
body functions - depicting functioning at the level of body parts; activities – depicting
functioning at the level of a whole person; and finally participation – depicting functioning of a
whole person in their complete environment. The contextual factors part includes environmental
factors and personal factors.11,12,14 In the model the domains are connected by bi-dimensional
arrows indicating interaction between the domains.13
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The ICF coding system increases its utility in clinical practice and research.15-17 The
coding system is an hierarchical one consisting of 1440 alpha numeric codes divided into four
main domains of Body Functions (‘b’ codes - 493), Body Structures (‘s’ codes - 310), Activities
and participation (‘d’ codes - 384) and Environmental factors (‘e’ codes - 253). The codes are
organized into components, chapters (1st level) and categories on 2nd, 3rd and 4th level. The ICF
code d6301 – preparing complex meals is used as example to describe the various levels. Here‘d’
indicates the activity and participation domain; ‘6’ indicates the chapter level – here it is
domestic life; ‘3’ indicates 2nd level category; ‘0’ indicates 3rd level category and ‘1’ indicates 4th
level category. The higher the level used more specific is the detail that is described by the
code.15,16,17
ICF core set for Hand conditions
To make the application of ICF more feasible in clinical practice and research core sets for
specific conditions have been developed. These core sets are a subset of ICF categories that are
relevant to a particular disease or condition. There are two types of core sets, a comprehensive
core set and a brief core set. The comprehensive core set consists of those ICF categories that
make a comprehensive and exhaustive description of the condition.18 While the brief core set
consists of the most essential categories that can serve as a minimal standard for describing the
condition.18 There are currently 34 core sets that have been developed for various conditions
including osteoporosis; amputees; chronic pain; rheumatoid arthritis; osteoarthritis; ankylosing
spondylitis; hand conditions etc.18
The core set for Hand conditions was developed by the ICF research branch to provide a
common language for clinicians who are specialized in hand conditions to assess patients with a
variety of hand disorders. It was approved by an international panel of experts at a consensus
conference.19 The comprehensive core set for hand conditions consists of 117 codes and the brief
core set contains 23 codes.19,20 The published document on the conference refers to hand
conditions as any problem that is directly located at the hand. It may range from carpel tunnel
syndrome to amputation; and also conditions located in different parts of the body with a
manifestation at the hand. As such there is no core set that is available to assess elbow
conditions. Since the upper extremity (shoulder, elbow and wrist) functions as a coordinated unit
it may be hypothesized that the core set used for hand conditions may address functional
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concerns of patients with elbow disorders. The hypothesis is then it would increase clinical
utility of the core set as clinicians could use one common core set elbow, wrist and hand
conditions rather than having individual core sets for these joints.
Classification of Elbow outcome measures based on the ICF framework
The ICF provides a universal framework for clinicians to decide on what they should measure. 21
It has been suggested that body functions and body structures can be measured by objective
measures such as imaging and physiological tests; activity and participation can be measured by
joint or region specific patient based questionnaires and environmental and personal factors can
be comprehensively measured by generic patient reported measures of quality of life and
biopsychosocial measures of emotions, psychological status or social concerns.22 Based on a
review of the literature 23 we have created a table to show the outcome tools available to measure
the different domains of the ICF in general elbow disorders. (See table 1) There have also been
previous studies that have provided ICF based clinical guidelines as to what should be measured
and the instruments that are available to measure the needed constructs in other conditions like
stroke, rheumatoid arthritis etc.7,21 Liem and colleagues 22 created a framework for outcome
measurement in general elbow disorders. They have suggested the use of a generic PROM to
measure quality of life; a regional PROM to measure upper extremity function; an elbowspecific PROM to measure elbow function; and observer based clinician data for objective
assessment. They recommended the use of Patient Rated Elbow Evaluation (PREE) for the
elbow-joint specific PROM to measure function. 22 In a similar study Angst and colleagues
created a framework for assessment in elbow arthroplasty, and suggested that the PREE and the
self-report section of the American Elbow and Shoulder Surgeons – Elbow form (pASES-e) can
be used as elbow specific PROMs.24
Patient Reported Outcome Measures for elbow conditions
Since PROMs complement rather than replace CBO, and provide a patient centered assessment
of function, it is important to ensure the measurement rigor of PROM designed for elbow
conditions. The two commonly used elbow pain and disability measures are the Patient Rated
Elbow Evaluation form (PREE) and the self-report section of the American Elbow and Shoulder
Surgeons – Elbow form (pASES-e).
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The Patient Rated Elbow Evaluation form (PREE):
The PREE is a 20 item PROM, consisting of two main sections, pain and function. 25 Responses
are rated on a 0 to 10 numeric rating scale. The pain section consists of five items that quantify
the severity of pain in different situations and the frequency of pain. The function section has 15
questions divided into two sub sections usual activities and specific activities. In this section
patients are asked to rate their difficulty in performing activities of daily living ranging from
simple activities like getting dressed up to complex roles like work. All the scores are computed
to obtain a global score out of 100. Higher PREE total scores reflect greater pain and disability.25
It takes around 3 minutes to complete the PREE. The PREE has been translated into Japanese26
and German.27
The psychometric properties of the PREE have been evaluated using traditional
psychometric methods. It has demonstrated acceptable levels of construct validity. MacDermid
(2001)25 in the developmental study of the PREE has reported that PREE had exhibited
Pearson’s correlations ranging from 0.49 to 0.84 with the Disabilities of the Arm Shoulder and
Hand questionnaire (DASH), pASES-e and the physical component summary score of SF-36.
The PREE has been found to have a very high level of test retest reliability with an ICC of
0.95.25 For the Japanese26 and the German version27 the ICCs ranged from 0.73 to 0.94. Hanyu et
al26 and John et al27 reported a cronbach alpha 0.97 and 0.96 respectively for the Japanese and
the German version. In a study Angst et al (2005)28 analyzed the factor structure of the PREE
along with the pASES-e and the DASH and have reported three principal components explaining
89.2% of variance, of which the component ‘physical specific’ to which the PREE items loaded
the maximum explains 60.1% of variance. They used the total scores of the three PROMs and
did not use a traditional approach to exploratory factor analysis. Responsiveness has been
evaluated in a sample of total elbow arthroplasty patients and has been found to be acceptable
(ES = 1.5; SRM = 1.37).29 In summary, the PREE has demonstrated acceptable levels of
psychometric properties based on the traditional methods. Gaps have been identified in the
psychometric evaluation efforts that have been taken before. The PREE to date has not been
subjected to modern psychometric methods like Rasch analysis30 or item response theory (IRT)31
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The self-report section of the American Elbow and Shoulder Surgeons – Elbow form
(pASES-e):
The pASES-e is an 18 item PROM consisting of three sections pain, function and
satisfaction.32 The pain section has five questions and is scored on a 0 to 10 scale similar to that
of the PREE. The function section measures function on both the affected and the unaffected
elbow. A 0 – 3 ordinal scale is used to rate the responses. It consists of 12 items measuring
various functional activities ranging from feeding to work and recreation. The satisfaction
section has one item asking patients to rate their satisfaction with treatment on a 0 – 10 scale.
Global score is not calculated for the pASES-e usually. For a comprehensive view of patient’s
condition the ASES also has a clinician part (cASES-e). It takes around 3 minutes to complete
the pASES-e.29 The pASES-e has been translated into German.33
The pASES-e has been evaluated using traditional psychometric methods. Acceptable
levels of construct validity have been demonstrated by the pASES-e with other measures
measuring a similar trait. In the PREE developmental study the pASES-e exhibited high to
moderate correlations with the DASH, PREE and the SF-36 physical component summary score
(Pearson’s correlation 0.51 to 0.85).25 In a study by Angst and colleagues28 the pASES-e
correlated highly with the PREE (Spearman’s rho 0.92) and moderately with the DASH
(Spearman’s rho 0.73).28 The pASES-e has demonstrated acceptable levels of test re-test
reliability. MacDermid (2001)25 have found the pASES-e pain subscale (ICC=0.89); the pASESe function affected sub scale (ICC=0.79) and the pASES-e function unaffected sub scale
(ICC=0.64) to demonstrate acceptable levels of test-retest reliability. Turchin and colleagues34
have reported that the pASES-e exhibit a reliability of 0.79 in a sample of 69 patients with elbow
pain due to various causes. The English version’s internal consistency has not been evaluated.
The German version exhibited a Cronbach’s alpha of 0.90.33 The factor structure of the pASES-e
has not been analyzed traditionally but the total score was put into a model along with the PREE
and the DASH. The pASES-e loaded onto the physical specific component along with the PREE
that accounted for 60.1% of the variance.28 The responsiveness of the pASES-e has been
evaluated in total elbow arthroplasty patients. The pASES-e has demonstrated acceptable levels
of ES and SRM (ES = 1.32; SRM = 1.17).29 In summary, the pASES-e has demonstrated
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acceptable levels of psychometric properties. However there are some gaps in the literature. The
pASES-e has never been subjected to modern psychometric analysis. The longitudinal validity,
factor structure and responsiveness have not been studied in detail.
Criteria for evaluation of patient reported outcome measures
Many guidelines have been developed that need to be used while selecting an outcome
measure.2,4,21,35,36 The International Society for Quality of Life Research (ISOQOL) has
recommended the minimum standard for PROMs.35 This includes documentation of the
conceptual and measurement model; evidence for reliability, validity (content validity, construct
validity, responsiveness); interpretability of scores; quality translation, and acceptable patient
and investigator burden.35 Definitions of important clinical measurement properties are provided
in Table 2. It would be useful for a clinician to have all this information so as to make informed
evidence based decision on which outcome measure that he or she can use in routine clinical
practice.
Reliability is the degree to which a PROM is free from measurement error.37 There are
two kinds of reliability: 1) test retest reliability (stability) and 2) internal consistency
(homogeneity). Test retest reliability is the ability of a measure to provide consistent scores over
time in a stable population.38,39 Test-retest reliability is usually measured by calculating Intra
class correlation coefficient (ICC).40 The minimum standard recommended is an ICC of 0.90 for
use in a clinic setting.40 Internal consistency also called homogeneity, is the measure of inter
relatedness of the items that are included in a PROMs.41 It is measured by calculating Cronbach’s
alpha.42 Cronbach’s alpha should range from 0.70 to 0.95.40 Modern psychometric methods like
item response theory (IRT)31 or Rasch analysis30 can also be used as a measure of reliability.
Validity is the degree to which a PROM measures the construct it purports to measure.39
There are three broad types of validity. They are content validity; construct validity; criterion
validity. Content validity is the extent to which the PROM represents the most relevant and
important aspects of a concept in a given context.39 This is a very important criterion for any
PROM. There are many different ways of establishing content validity. One is through expert
and patient consensus. This can be done through surveys, focus groups, interviews etc. The latest
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in the methods to evaluate content of PROMs is the linking of the items of the PROM to the ICF
using the ICF codes following standardized linking rules.15,16
Construct validity is the degree to which the scores on the PROM relate to other
measures (both patient reported and impairment based) measuring similar construct in a manner
that is consistent with theoretically derived apriori hypotheses concerning the concepts that are
being measured. 39 It is recommended that for an instrument to have sufficient construct validity
empirical evidence to support predeﬁned hypotheses on the expected associations among
measures similar or dissimilar to the measured PROM should be presented.35 It is usually
measured by calculating Pearson’s correlation coefficient (r) or Spearman’s rank correlation.
Moderate to large correlations (>0.40) between related constructs are expected to support
construct validity. 35
Responsiveness is the ability of a PROM to capture changes over time in the construct
being measured. 37,43,44 It is an important clinical measurement property, as a measure that is not
sensitive to change cannot capture the change in patients’ health status resulting from a
therapeutic, medical or surgical procedure. There are two major methods of measuring
responsiveness anchor based and distribution based. In the anchor based method a tool to
measure change like the Global Rating of Change scale (GRoC) is administered to patients to
rate the change in their condition. Then a minimal clinically important difference (MCID) is
calculated which is a very important indicator of change in health condition in response to
treatment that is perceived as important by clinicians and patients. 45,46 In the distribution based
method the mean change is used to calculate effect sizes (ES) and standardized response means
(SRMs). 37,43 These two indices help in capturing true change. This may or may not be perceived
as important by patients.
There are other factors such as interpretability of scores, administrative burden and
patient burden that need to be considered when selecting a PROM. Interpretability is the ease
with which a score obtained from a PROM can be assigned a meaning. 2,47Administrative burden
is an umbrella term that includes many factors like time needed to administer a questionnaire,
training, cost, time taken to calculate the score etc.2 Patient or respondent burden include the
time needed to fill in a PROM, ease of understanding the questions etc. 2
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Gaps in current knowledge
Based on our literature review and by comparing the literature on the clinical measurement
properties of the PREE and pASES-e against minimal standards as set by ISOQOL we found the
following gaps in the literature.
1) The content of the PREE and the pASES-e have never been formally assessed for validity. It
is always the best practice to know the content of the PROM that a clinician is going to use.
Another aspect of evidence based practice is to see if the items cover concepts that are important
to patients.
2) The factor structure of the PREE and the pASES-e have not been sufficiently explored
3) Responsiveness of these two PROMs has been studied only in total elbow patients and has not
been studied in other elbow disorder population.
4) The PREE nor the pASES-e have ever been subjected to modern psychometric methods like
Rasch analysis and Item response theory (IRT).
5) There is no summary document synthesizing all the clinical measurement properties of the
PREE and the pASES-e.
Research question
Do elbow patient reported outcome measures of pain and disability exhibit sufficient
psychometric properties?
Objectives
The overall objective of this thesis is to evaluate the psychometric properties of the Patient
Reported Elbow Evaluation and the self-report section of the American Shoulder and Elbow
Surgeons – Elbow form. Based on the research gaps identified in the previous sections the
specific objectives are as follows:
1) To evaluate the internal consistency, concurrent construct validity, longitudinal validity,
sensitivity to change and factor structure of the PREE, the pASES-e and the DASH in a
diverse group of patients surgically managed for various elbow pathologies.

10

2) To perform a comprehensive systematic review of the literature and summarize the quality
and the content of the evidence that is available on the psychometric properties of the PREE
and the pASES-e.
3) To analyze the conceptual basis of the PREE and the ASES-e by linking the meaningful
concepts in these PROs to the ICF using standardized linking rules and to determine the
extent to which the ICF core set for hand conditions cover the content of elbow
questionnaires using summary ICF linkage indicators.
4) To use the ICF classification to summarize and identify aspects of functioning that are
reported as important by a cohort of patients with elbow disorders and compare it to the
content of the PREE and the pASES-e.
5) To conduct a rasch analysis of the PREE to assess the overall fit to the rasch model, the
response scale used, individual item fit, differential item functioning (DIF), local
dependency, unidimensionality and person separation.

Thesis Overview

Chap 2 describes the psychometric evaluation performed on the PREE and the pASES-e to
analyze the internal consistency, construct validity, longitudinal validity, sensitivity to change
and factor structure. The DASH was used as the comparator in this study. This is in line with the
first objective. To fulfill our second objective, a systematic review of the psychometric
properties of the PREE and the pASES-e are presented in chap 3. The next three chapters are set
up based on the gaps identified and the recommendations made in the systematic review. Chap 4
describes the content analysis of the PREE and the pASES-e performed using the ICF framework
and the codes contained in it. This is to satisfy objective 3. Objective 4 of the thesis is
accomplished by the study presented in chap 5 where activities involving the elbow that were
important to patients were identified and then the content of the PREE and the pASES-e were
compared to the patient self-endorsed concerns to see if they capture them. The ICF was used as
a standard framework to enable this comparison. The last chapter of this thesis uses a modern
clinical measurement methodology called the rasch analysis to identify and correct the factors
that prevent clinicians and researchers from obtaining a linear interval level score from the
PREE. This is in line with objective 5. Chap 7 provides a discussion and overview of the thesis
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work. Also it discusses the strengths, limitations, clinical and research implication, and future
directions of this thesis work.
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Table 1: Elbow outcome measures classification based on ICF
ICF DOMAIN

ASSESSMENT
DOMAIN

Body functions

Mobility of joint
functions

Joint range of motion,
joint stiffness and
Crepitus










Flynn criteria
Neviaser criteria
Jupiter criteria;
MEPI
cASES-e
HSS scoring system
Ewald scoring system
Liverpool elbow score

Muscle power
functions

Grip Strength and Pinch
strength



Manual (JAMAR) or
computerized (J tech)
HSS scoring system
Broberg and Morey rating
system
Liverpool elbow score

OUTCOME

OUTCOME MEASURE




Sensation of touch

Two point discrimination



Manual or computerized - two
point discriminator

Sensation of pain

Pain






Visual analog scale
Numeric rating scale
PREE – pain section
pASES-e - pain section

Tenderness

Pressure pain sensitivity




Algometer
objective assessment by
physician
cASES-e


Stability of joints

Verbal and objective
physician assessment





MEPI
cASES-e
Broberg and Morey rating
system
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Body structures

Activities and
participation

Structures related
to movement

Flexion contractures; and
deformities (Valgus and
Varus)








Visual inspection
Goniometry
Radiograph
Ewald scoring system
cASES-e
HSS

Structures related
to strength

Muscular atrophy




Visual observation
cASES-e

Structure related
nerve supply

Ulnar nerve compression





Tinels sign
Liverpool elbow score
cASES-e

Performing
everyday activities
and societal roles

Activity limitation and
participation restriction
(Usually self-reported)







PREE,
pASES-e;
DASH;
Quick DASH;
Oxford elbow score (selfreport section);
Liverpool elbow score (selfreport section);
MEPI (self-report section);
SMFA





MEPI – Mayo Elbow Performance Index; PREE – Patient Rated Elbow Evaluation; pASES-e –
Patient reported section of the American Shoulder and Elbow Surgeons – Elbow form; cASES-e
– Clinician section of the American Shoulder and Elbow Surgeons – Elbow form; HSS –
Hospital Scoring System; DASH – Disabilities of the Arm Shoulder and Hand questionnaire;
SMFA – Short Musculoskeletal Functional Assessment
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Table 2: Definitions of clinical measurement properties
CLINICAL
MEASUREMENT
PROPERTY

DEFINITION

Test-retest reliability

The degree to which an instrument is stable based on repeated
administrations of the test to the same individual over a specified time
interval.

Standard error of
measurement

A reliability measure of response stability, estimating the standard error in
a set of repeated scores.

Internal consistency

A form of reliability, assessing the degree to which a set of items in an
instrument all measure the same trait.

Construct validity

A type of measurement validity; the degree to which a theoretical construct
is measured by an instrument.

Convergent validity

An approach of construct validation, assessing the degree to which two
different instruments or methods are able to measure the same construct.

Discriminant or divergent
validity

An approach in construct validation assessing the degree to which an
instrument yields different results when measuring two different
constructs; that is, the ability to differentiate between the constructs.

Known group validity

A technique for construct validation, in which validity is determined by the
degree to which an instrument can demonstrate different scores for groups
known to vary on the variable being measured.

Responsiveness

The ability of a test to demonstrate change.

Factor analysis

An exploratory multivariate statistical technique used to examine the
structure within a large set of variables and to determine the underlying
dimensions that exist within that set of variables.
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Figure 1: International Classification of Functioning Disability and Health conceptual
model

Source: World Health Organization (WHO)
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CHAPTER 2. VALIDITY AND SENSITIVITY TO CHANGE OF PATIENT-REPORTED
PAIN AND DISABILITY MEASURES FOR ELBOW PATHOLOGIES1
ABSTRACT
Study design: Prospective Cohort Study
Background: Measuring functional outcomes after surgical procedures of the elbow requires
valid patient-report pain and disability questionnaires. The Patient Rated Elbow Evaluation form
(PREE), the patient-reported form of the American Shoulder and Elbow Surgeons Questionnaire
elbow form (pASES-e) and the Disabilities of the Arm, Shoulder and Hand questionnaire
(DASH) are commonly used questionnaires. There is insufficient evidence available concerning
their validity and sensitivity to change.
Purpose: To evaluate the internal consistency, concurrent construct validity, longitudinal
validity, sensitivity to change and factor structure of the PREE, the pASES-e and the DASH in a
diverse group of patients surgically managed for various elbow pathologies.
Methods and analysis: Data were prospectively collected from 128 post elbow surgery patients
(Mean age = 46.53; S.D. = 12.77). Patients completed the PREE, the pASES-e, the DASH and
the SF-36 at baseline and 6 months post-surgery. Concurrent construct validity, longitudinal
validity, sensitivity to change and factor structure were analyzed.
Results: Concurrent construct validity was demonstrated by confirmation of expected
relationships; the strongest correlations were observed between the PREE pain score, the PREE
total score, the pASES-e pain score and the DASH score (r = 0.73 to 0.87). The pASES-e
function score correlated the least with other constructs. Longitudinal validity demonstrated a
similar trend; the pASES-e pain change score and PREE change score were most strongly
1

Reproduced with permission from Vincent JI, MacDermid JC, King GJ, Grewal R. Validity

and sensitivity to change of patient-reported pain and disability measures for elbow
pathologies. J Orthop Sports Phys Ther. 2013;43:263274.http://dx.doi.org/10.2519/jospt.2013.4029. Copyright ©Journal of Orthopaedic & Sports
Physical Therapy®
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correlated; while the pASES-e function change score and DASH change score were moderate to
weakly correlated. All 3 patient-report questionnaires demonstrated a large effect size (ES) and
standardized response means (SRM) (>1.0). Structural validity was supported for the PREE
(R2=77.2%; 4 factors) and the pASES-e (R2=74.4%; 4 factors); but not for the DASH
(R2=71.3%; 5 factors).
Conclusion: The PREE, the pASES-e and the DASH have acceptable validity and sensitivity to
change. pASES-e function sub-scale is least sensitive to change and less correlated to other
measures. J Orthop Sports Phys Ther 2011
Key Words: elbow questionnaires; outcome measures; quality of life; PREE; pASES-e; DASH;
SF-36.
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INTRODUCTION
Scoring systems to rate the extent of pain and disability have become an integral part of modern
orthopedic practice. Two basic types of measures are in common usage. One type is clinician
based outcome measures (CBO) and the other is the patient reported outcome questionnaires
(PRO). 9, 33 CBO can be affected by observer bias 24 and may not reflect patient priorities; hence
the emergence of patient-report measures. The debate over patient-report versus clinician-based
measures has largely been resolved in that these measures provide different perspectives and are
both needed. Patient-report measures provide patient-centered perspective;34, 36 and tend to be
predictive of participation outcomes like return-to-work.28 Clinicians are increasingly using such
measures to contribute to clinical decision-making. The validity of the measures, and their
subscales; as well as their ability to detect clinical change are important considerations when
choosing between the available measures. The Patient Rated Elbow Evaluation form (PREE),25, 27
the patient-reported form of the American Shoulder and Elbow Surgeons questionnaire elbow
form (pASES-e)19 and the Disabilities of the Arm, Shoulder and Hand questionnaire (DASH)14
are the commonly used PROMs in the management of orthopedic elbow disorders.
The body of literature on the elbow specific measures is small and has substantial gaps.
The DASH has a large body of literature supporting its use in the shoulder and hand disorders;
but few studies have specifically focused on elbow disorders. In the PREE developmental study27
which included 70 subjects with various elbow pathologies treated surgically and non-surgically,
it was found that the PREE (ICC=0.95); the pASES-e pain subscale (ICC=0.89); the pASES-e
function affected sub scale (ICC=0.79), the pASES-e function unaffected sub scale (ICC=0.64)
and the DASH (ICC=0.93) demonstrated acceptable levels of test-retest reliability. Turchin and
colleagues have also reported DASH to exhibit excellent reliability (ICC=0. 92) in a sample of
69 patients with elbow pain due to various causes;39 but found the modified ASES-e to exhibit
slightly lower reliability of 0.79. There are no reports on the internal consistency of the PREE
and the ASES-e; or for the DASH in an elbow sample.
With regards to construct validity, Angst et al1 found that all these three measures
demonstrated acceptable correlations in a sample of total elbow arthroplasty cases: the PREE and
the ASES-e showed high correlations (Spearman’s rho 0.92), while the DASH correlated
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moderately with the PREE (Spearman’s rho 0.68) and the ASES-e (Spearman’s rho 0.73).
MacDermid27 also evaluated the construct validity of these three questionnaires and found them
to be good, satisfying the hypotheses framed a priori (ASES pain vs PREE pain 0.93; ASES
function vs PREE function -0.61; DASH vs elbow questionnaires 0.85; and moderate
correlations to SF-36 physical component scores (-0.56); versus low correlation to SF-36 mental
component scores (-0.23). There are no published reports on the longitudinal validity of the
PREE and the pASES-e; or of DASH in an elbow sample.
Structural validity of individual scales is usually assessed by factor analysis. Typically,
factor analysis informs our understanding of how items on a measure fit together into separate
constructs (factors). Angst et al1 used factor analysis in a different way; to identify how
different scales represented constructs. He examined the PREE, the DASH, the pASESe and SF36 and found three main domains explaining 89.2% of the variance of the instruments’ main
scores. The important limitation of their study is that they did not do a traditional factor analysis
at the item level but rather examined entire measures as factors to show how constructs fit
together. There are no other published reports of factor analysis of the PREE, pASES-e or the
DASH in an elbow sample. Patient for elbow disorders have not been subjected to exploratory
factor analysis; and this evidence is needed to determine if the proposed subscale structures are
warranted.
There has been a debate in the literature about the dimensionality of DASH as evident
from studies that sampled patients with disorders of the shoulder and wrist. 21 In the DASH
development process, the dimensionality of the DASH was studied using a principal component
analysis which revealed one component explaining 57% of the variance which was interpreted as
to support the unidimensionality of DASH.35 However a later study21 on 991patients who
underwent rehabilitation for various upper extremity disorders which included exploratory factor
analysis followed by confirmatory factor analysis and Rasch analysis found the DASH to fit in a
3 factor model. These authors suggested that the results were inconclusive and indicated a need
for further research. A review of the entire body of research addressing factor analysis of the
DASH would require a systematic review. However, even a cursory review indicates a lack of
consensus on DASH dimensionality. In this study, where an exploratory approach is needed for
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the previously unexamined elbow scales, an exploratory factor analysis of the DASH is
warranted for comparative purposes.
Given the current state of knowledge, it is clear that elbow-specific patient-report
measures have been insufficiently examined and the support of their use in practice remains
precarious until gaps in our knowledge are addressed. The purpose of this study was to describe
the following in a diverse group of patients surgically managed for various elbow pathologies:
i) The internal consistency, concurrent construct validity, longitudinal validity and sensitivity to
change of the PREE, the pASES-e and the DASH
ii) The factor structure of the PREE, the pASES-e and the DASH.
MATERIALS AND METHODS
Study Design
Prospective Cohort Study
Subjects
Data were prospectively collected from 128 patients aged between 21 and 79 years (Mean 46.5;
SD 12.7) who had undergone a variety of surgical procedures of the elbow at the Hand and
Upper Limb Centre of St Joseph’s Hospital in London, Ontario. The cohort included biceps
tendon repair (n= 62), radial head fixation (n=30) and radial head arthroplasty (n=36). Patients
were included if they were aged between 20 and 80 years; and were able to read and write
English. They were excluded if they were cognitively impaired; if they had neurological or
psychiatric disorders; if they had any history of malignancy.
Patients signed consent forms in compliance with the approval provided by the Western
University Health Sciences Research Ethics Board. Approximately two third of participants
were male 84/128 (65.62%) and 118/128 (92.2%) were right hand dominant. The dominant and
the non-dominant elbows were equally affected in this sample. Twenty-four (18.7%) of the
participants were receiving worker’s compensation (See Table. 1). Participants were asked to
complete the PREE, the pASES-e, the DASH and the SF-36 at baseline and again at six months
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post-surgery. Six-months was chosen as an ideal time to evaluate these questionnaires as
variability in outcome scores would be present; but patients would not have achieved their final
surgical outcome.
Outcome Measures
Patient-Rated Elbow Evaluation: The Patient-Rated Elbow Evaluation (PREE) 25, 27 is a
20 item patient reported outcome questionnaire that measures elbow-related pain and disability
of the affected upper extremity. There is a pain subscale; and 2 function subscales- one that
addresses specific activities, the other usual role performance. All the items of the questionnaire
are scored on a 0-10 numeric rating scale. The section dealing with pain has five questions of
which four of them rate pain from ‘no pain’ (0) to ‘worst ever’ (10). The fifth question rates how
often the patient has pain with responses ranging from ‘never’ (0) to ‘always’ (10). The responses
on the sub-scales for the function section range from ‘no difficulty’ (0) to ‘unable to do’ (10).
The function section has 11 questions regarding performance of specific activities and 4
questions on performing usual activities using the affected side. All the section scores are
computed to obtain a global score out of 100. The higher the PREE total score the greater the
pain and disability.
American Shoulder and Elbow Surgeons-Elbow Form: The American Shoulder and
Elbow Surgeons-Elbow form (ASES-e) is a standardized elbow evaluation system that was
developed by the Research Committee of the American Shoulder and Elbow Surgeons (ASES).19
It has two parts: a physician form (cASES-e) and a patient-reported form (pASES-e). The
Physician form has four components: motion, stability, strength and physical findings. The
patient-reported form has three sections: pain, function and satisfaction. The pain section
contains 5 questions which are rated using a 0-10 numeric rating scales where 0 is “no pain” and
10 is “worst pain ever”. The function section contains 12 questions relating to function. The
responses are scored on a four-point ordinal scale for both the affected and the unaffected arm,
where, 0- unable to do; 1- very difficult to do; 2-somewhat difficult; 3-not difficult. The
maximum score for the function of each arm is 36. A low score indicates worse function. The
third section has 1 question to report patient-satisfaction with the surgery on a scale from 0 to 10.
Subscales are not added to provide a total score.
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Disabilities of the Arm, Shoulder and Hand Questionnaire: The Disabilities of Arm,
Shoulder and Hand (DASH) Questionnaire is a 30 item patient-report questionnaire that
evaluates impairments, activity limitations, as well as participation restrictions in both leisure
activities and work due to disorders of the upper limb regardless of which arm is affected. 14
There are optional components that can be added to assess function with respect to sports and
performing arts or work. The total DASH score ranges from 0 (no disability) to 100 (severe
disability); with higher DASH scores indicating greater disability.
The Short Form 36-item Health Survey (SF-36): This is a 36 item questionnaire; yielding
an eight subscale profile of scores; as well as a physical component summary score and a mental
component summary score.40 The SF-36 is a generic health status measure that has been used to
evaluate quality of life in a wide spectrum of health conditions. It has more than a 1000 citations
and has been translated in many languages. It is a valid and reliable health status instrument.41
Higher scores represent better health (less disability).
Statistical Analysis
Data entry, quality checking and analysis (internal consistency, validity and sensitivity to change)
were performed using the SPSS software version 19. The level of statistical significance was set
at p < 0.05.
Reliability: Reliability is a generic term used to indicate both the homogeneity (internal
consistency) of a scale and the reproducibility or stability (test–retest reliability) of scores.6 The
test-retest reliability for all three questionnaires was reported. In the PREE developmental
study;27 but internal consistency was not reported. Hence, only the internal consistency of these
questionnaires was evaluated in this study. Cronbach’s alpha was used to assess internal
consistency of the PREE, the pASES-e and the DASH. 95% confidence intervals were also
calculated. 7 The baseline scores were used to calculate internal consistency. Internal consistency
is considered acceptable when Cronbach’s alpha exceeds 0.70.38
Concurrent construct validity: To analyze Concurrent construct validity it was examined
whether the PROs demonstrated expected relationships with other measures at a single point in
time using Pearson’s correlation coefficient (r). Pearson’s correlation coefficients were
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interpreted as follows: 0.00 to 0.19 = very weak correlation; 0.20 to 0.39 = weak correlation;
0.40 to 0.69 = moderate correlation; 0.70 to 0.89 = strong correlation; and 0.90 to 1 = very strong
correlation.10 Constructed hypotheses about the nature of the relationship between different
questionnaires/subscales were prespecified as: strong correlations were expected between the
most similar elbow questionnaires (the pASES-e and the PREE total and the pain scales);
moderate to high correlations were expected between elbow questionnaires (the pASES-e and the
PREE) and the DASH; low to moderate correlations were expected between elbow/DASH
questionnaires and physical component summary scores of the SF-36; low correlations were
expected between elbow/DASH questionnaires and mental component summary scores of the
SF-36.
Longitudinal validity: Longitudinal validity is the extent to which changes on one
measure will correlate with changes on another measure.15 Longitudinal validity was evaluated
by obtaining correlations between the baseline and 6 months change scores.13 Pearson correlation
coefficient was used and the correlations were interpreted in a manner similar to that of the
concurrent construct validity metric above.
Sensitivity to change: Sensitivity to change is the ability of an instrument to measure real
change in a clinical state.23, 37 There is a lack of agreement on the best statistical method to
analyze sensitivity to change. We used two distribution-based methods, the effect sizes (ES) and
the standardized response means (SRM). The ES was calculated by dividing the mean change
scores of the PREE, the pASES-e and the DASH in patients clinically identified as improved, by
the standard deviation of their baseline scores.18 In our study, included patients were clinically
identified as improved or not improved by the attending surgeon during the follow up visit based
on change in clinical signs and symptoms . The SRM was calculated by dividing the mean
change scores of the PREE, the pASES-e and the DASH by the standard deviation of their
change scores.22 In addition, 95% confidence intervals around the point estimates were also
calculated; and used to determine differences across sensitivity indices.2 The size of the ES and
SRM scores were interpreted as follows: 0.2 = small, 0.5 = moderate, 0.8 or higher = large.3, 22
Factor analysis: A principal components exploratory analysis with a varimax rotation was
performed to investigate the factor structure of the PREE, the pASES-e and the DASH. Kaiser
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criterion with Eigen values > 1, examination of the Scree plot as well as clinical interpretability
were criteria applied to determine the number of components to be retained.8 An item was
considered to load on a given factor if the factor loadings were 0.4 or greater and was less than
0.4 for the other factors. Factor loadings over ±0.5 were considered as strong. Items that
correlated more than 0.40 on more than one factor, without a differential of 0.2 were considered
to be “cross loaded”. The quality of the factor analysis was assessed using the Kaiser-MeyerOlkin (KMO) test and Bartlett’s test of sphericity. KMO tests the sampling adequacy; a high
value (> 0.7) indicates that factor analysis is appropriate. Bartlett’s test of sphericity tests the
correlations between items. A significant value was considered an indication that our data were
appropriate and the sampling was of high quality for factor analysis to be performed.5
RESULTS
Internal Consistency
The PREE, the pASES-e and the DASH exhibited excellent internal consistency with Cronbach’s
alpha values of 0.95 (95% C.I. 0.94- 0.96), 0.93 (95% C.I. 0.91-0.94) and 0.97 (95% C.I. 0.960.98) respectively.
Concurrent Construct Validity
In terms of concurrent construct validity, the strongest correlations were observed between the
PREE total score, the PREE pain score, the PREE function score, the pASES-e pain score and
the DASH total score (r = 0.91 to 0.72) (See Table.2). The PREE total score exhibited strong
correlations with the pain scores of the pASES-e and the PREE (r = 0.87 and r = 0.82
respectively). The DASH (r = 0.54 and r = 0.54) and the PREE function scale (r = 0.45 and r =
0.49) correlated moderately with pain subscales of the pASES-e and the PREE. The function
scale of pASES-e correlated the least with the pain scores of the pASES-e (r = -0.36) and the
PREE (r = -0.33). Low to moderate inverse correlations were observed between the physical
component summary score of the SF-36 and the three PROs (r = -0.46 to -0.38). The mental
component summary score demonstrated a weak inverse relationship with all the three upper
extremity PROs (r = -0.23 to -0.33) while its correlation with the pain scores were not
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significant. All the correlations followed the expected relationships that were constructed prior
to data analysis.
Longitudinal validity
Strong correlations (r >0.70) (See Table.3) were observed between change scores obtained from
the pASES-e pain score and changes on the PREE score; weak correlations (r <0.40) were
observed between changes on the pASES-e function score and all other change scores (r = 0.23
to 0.40). Moderate correlations (r = 0.41 to 0.69) were observed between the DASH change
scores and the change scores of other questionnaires except with pASES-e function change score
(r=0.23).
Sensitivity to change
All three patient-report questionnaires demonstrated large effect sizes ranging between 1.3 and
1.7. (See Table. 4) The pASES-e function scale had an ES of 1.3 (95% C.I. 1.1-1.5). Large SRMs
were also obtained. The PREE [SRM=1.6 (95% C.I. 1.4-1.8)] and the DASH were similar
[SRM=1.6 (95% C.I. 1.5-1.8)] and the pASES-e was slightly less sensitive to change when
compared to the other questionnaires (pASES-e pain scale SRM =1.2 (95% C.I. 1.0-1.4);
pASES-e function scale SRM= 1.09 (95% C.I. 0.9-1.3)). The confidence intervals were less
overlapping, which means that the measures are quite different from each other.
Factor analysis
Four main components were identified when the factor structure of the PREE was analyzed
explaining about 77.2% of the variance of the questionnaire’s total score. These factors supported
that the pain and usual items separated into individual subscales; items within the specific
function subscale were separated into two components reflecting light and heavy activities. (See
table 5) Analysis of the factor structure of the pASES-e revealed four factors. These four factors
put together explained 74.4% of the variance of the pASES-e's main scores. These factors
supported the fact that the pain items grouped under one factor while the questions related to the
affected and unaffected arm grouped separately under the other factors. (See table 6) The DASH
loaded onto 5 factors with more number of cross loadings than the other two questionnaires. All
these 5 factors put together explained about 71.3% of the variance of the total score. (See table 7)
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DISCUSSION
This study provides support for the internal consistency, concurrent construct validity,
longitudinal validity, sensitivity to change and factor structure of two elbow specific
questionnaires, the PREE and the pASES-e. It also provides further validation on the DASH, for
use with elbow pathologies. The factor structure analysis, despite some inherent limitations in
our analysis and sample size for this questionnaire, also contributes further evidence on the
existing controversy of the factor structure of the DASH whether it is unidimensional or
multidimensional.11, 21, 29
In the current study, Cronbach’s alpha for the PREE was 0.95 with very narrow CI, which
indicates an excellent internal consistency. This value is in line with that of the German version
of the PREE which was 0.96.16 Cronbach's alpha for the pASES-e was 0.93 in this study, which
is comparable with the Cronbach's alpha value of 0.90 for the German version of the pASES-e.17
Although the internal consistency of the DASH has not been reported specifically for elbow
conditions; the high internal consistency and narrower CI found in this study is consistent with
the Cronbach's alpha values obtained for the DASH in other studies focussing on shoulder and
distal upper limb conditions.12, 20
We prespecified constructs around expected relationships between the questionnaires and
subscales in this study similar to those reported in the PREE developmental study27 and found
similar findings. A new finding in this data is the fact that the functional subscale of the pASESe was less correlated to other questionnaires. It is noteworthy that this subscale appeared to
demonstrate poorer performance than the functional item subscale of the PREE since both are
elbow specific questionnaires. We expect that the differences on content and measurement
metrics in the numeric metric (0-10 vs 0-3) may have contributed to these findings. The pain
subscale of the PREE and the pASES-e should correlate highly because they contain similar
items (4 of 5 or 80% of the questions address the same content) and a similar 0-10 rating scale.
Conversely, the PREE and pASES-e function scales are more different; around 50% of the items
address the same content and the measurement metrics differ. These differences may have
influenced the correlations obtained and the lower sensitivity to change scores evident in the
pASES-e.
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A notable difference between the pASES-e and other questionnaires is that there is no
clear method for calculating a total score. It can be argued whether it is advisable to combine
pain and disability subscales into a total score since these reflect two separate, although often
correlated, constructs. However, the reporting of a single total score for pain and disability is
common in studies of musculoskeletal conditions. If a total score were required it would make
the most sense to equally rate pain and disability subscales of the pASES-e as this is consistent
with the approach on the PREE; and other scales for the wrist26 or shoulder.31 It is not advisable
to incorporate patient satisfaction scores into pain and disability questionnaires given the
constructs are too diverse.32
There are no published reports describing the longitudinal validity of the PREE, pASES-e
or the DASH in an elbow disorder population. Our findings of excellent correlation between the
PREE change score, pASES-e pain change score and the DASH change score indicate that the
change on these measures are strongly related. From a clinical perspective this suggests that
people using different instruments would agree on whether patients had changed after treatment.
The pASES-e function change score had the least correlation with other measures (r = 0.23 to
0.40). We expect that measurement scale difference also contributed to these lower correlations
of the pASES-e. The ES and SRM demonstrated that all three questionnaires were highly
sensitive to change. The 95% CI were less overlapping indicating that the measures are quite
different. The CIs were also narrower, which can be attributed to the sample size. The pASES-e
function scale had the lowest ES and SRM. The results of the current study confirm previous
concern27 that the pASES-e function subscale would be relatively less sensitive to change
compared to other questionnaires measuring the same construct. Overall our findings suggest
that the scoring metric of subscale of the pASES-e the function is suboptimal.
The factor analysed the principal components identified in all three questionnaires
separately explained more than 70% of the variance of their total scores. The DASH had more
items that cross loaded in comparison to the elbow scales. It is possible that DASH items are
more generic and this may have contributed to the cross loading. However, five factors have
being identified in this exploratory analysis- this undoubtedly also contributed to the higher level
of cross loading. The suggestion that the DASH items are more generic was supported by Angst
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et al1 who reported that the DASH loaded more with the SF-36 than with the PREE or the
pASES-e which provides futher verification than the DASH is more generalized than the PREE
or ASES-e. The specificity of the pASES-e and of the PREE is consistent with these measures
being joint-specific; and the reason some choose an elbow specific measures since the relevancy
of the items might be specific to the concerns of patients with these disorders.
Previous literature has suggested that there is a theoretical relationship that exists
between Cronbach’s alpha and factor structure. Alpha is described as a function of the
parameters of the hierarchical factor analysis model which allows for a general factor that is
common to all of the items of a measure in addition to group factors that are common to some
but not all of the items of a measure.42 Cortina has suggested that high internal consistency could
mean that the scale is unidimensional.4 Our exploratory factor analysis found multiple factors for
the DASH, which questions its unidimensionality. However, Cronbach’s alpha was high
indicating high internal consistency.
There has been debate in the literature about whether the DASH is unidimensional in
structure.11, 21, 29 Our study also found items of the DASH to load onto multiple factors indicating
multidimensionality. We used an exploratory factor analysis because there have been no previous
reports of factor analysis on the elbow questionnaires and on the DASH in an elbow sample; and
hence no evidence to support a confirmatory factor analysis. More importantly, we wanted to
examine DASH metrics using the same analysis as the PREE and ASES. If our primary purpose
had been to evaluate the factor structure of the DASH we would have elected to use confirmatory
factor analysis in a larger sample. Since the DASH has 30 items a sample size of 300 fulfills
“the rule of thumb” of 10 subjects per item to provide a more thorough factor analysis.
However, it is noteworthy that our KMO values (0.85 - 0.92) justified the adequacy of our
sample size. Given our findings, a confirmatory factor analysis of DASH scores in a larger
cohort of patients with elbow disorders is warranted to provide more definitive analysis of the
factor structure of the DASH in this population.
In our study we observed that the pASES-e function sub-scale was least valid and
sensitive to change. We suggest a few amendments to the pASES-e that might improve its
performance in clinical research studies and make it comparable with similar questionnaires
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reported in the literature. Firstly, we agree that pain and disability subscales should be separately
reported in clinical research studies since these are different constructs. However, there are often
reasons to also report a total score as a primary outcome measure of overall effect. When
computing a total score, we would recommend equal weighting of the pain and disability
subscales of the pASES-e to provide a total score comprised of 50% pain and 50% disability
consistent with the approach used on the PREE, and other joint specific measures used in the
upper extremity.26, 30 We suggest that the patient satisfaction item should be separately reported;
and not incorporated into a global score. We know that satisfaction is not related to other
outcomes32 in shoulder disorders; and may be more reflective of process than outcomes. Our
second recommendation concerns the scaling for the function subscale since it appears to present
some measurement limitations. A potential consideration is to change the scale to a 0-10 scale to
make it the same metric as the pain subscale and other measures. This may also enhance
sensitivity to change. We anticipate these changes would increase the utility of the pASES-e,
and make it more correlated with the PREE.
The strengths of the current study include prospective evaluation of patients with elbow
disorders at specified time points; the sample size is relatively large in comparison to other
psychometric data reported in the literature and our KMO statistics indicate that we were
adequately powered for factor analysis of the elbow questionnaires. Our study also has
limitations. Only three subgroups of elbow patients were included, making it uncertain whether
these results can be generalized to other elbow disorders. We did not specifically study testretest reliability; since this has previously been reported to be high for all the 3 measures27 and
we cannot report whether this varied across the subgroups. The most important limitation of our
study was that we did not administer a Global Rating of Change scale (GRC) to our patients. We
used a distribution-based approach to calculate the sensitivity to change and were not able to
calculate the clinically important difference (CID). Future studies should focus on including a
wide variety of patients with different elbow pathologies. This would help improve the strength
of the already available evidence to support the external validity of these questionnaires.
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CONCLUSION
The results of this study have generated evidence to support the validity and sensitivity to change
of the PREE, the pASES-e and the DASH. These results support the use of these three
questionnaires by clinicians based on their needs and resources available. Minor changes to the
scoring of the pASES-e should be investigated as a means to enhance its measurement
properties.
Key Points
Findings
The PREE, the pASES-e and the DASH demonstrated strong construct validity and sensitivity to
change in patients with elbow pathologies. The PREE and pASES-e demonstrated appropriate
structural validity.
Implication
Clinicians may choose from these 3 scales to assess the status of patients with elbow disorders,
and treatment results in change.
Caution
Only three subgroups of elbow patients were included, making it uncertain whether these results
can be generalized to other elbow disorders. Clinically Important Difference could not be
calculated because the GRC was not administered.
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Table 1: Baseline patient characteristics

Characteristic
Subjects (n)
Male/Female (n)

Values
128
84:44

Age in years*

46.53(12.77)

Age range

21 –79 years

Dominant hand (R:L)

118:10

Injured elbow (R:L)

57:66

Surgical procedure

n (%)

Biceps tendon repair

62(48.44)

Radial head arthroplasty

36(28.13)

Radial head fixation

30(23.44)

WCIB case

n (%)

Yes

24 (18.75)

No

101 (78.90)

Pending

3 (0.02)

* The values are expressed as mean and standard deviation (SD). WCIB- Worker’s Compensation
Insurance Board (Canada)
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Table 2: Concurrent construct validity of the PREE, the pASES-e and the DASH
Pearson’s correlation
coefficient (r)
(N=128)

PREE

PREE

PREE

pASES-e

Pain

Function

Total

Pain

pASES-e

DASH

function
Total

affected

PREE Pain

1

PREE Function

0.49

1

PREE total

0.82

0.91

1

pASES-e pain

0.87

0.45

0.73

1

pASES-e function
affected

-0.36

-0.68

-0.62

-0.33

1

DASH total

-0.54

0.72

0.75

0.54

-0.55

1

SF36 Physical component
summary

-0.21**

-0.42

-0.38

-0.27

0.38

-0.46

SF36 Mental component
summary

-0.18*

-0.21**

-0.23**

-0.14*

0.24**

-0.33

All correlations are significant to the level of p<0.01 unless indicated * Not significant;
**p<0.05; PREE- Patient rated elbow evaluation; pASES-e American society of elbow surgeonsElbow form; DASH- Disabilities of the arm, shoulder and hand; SF-36-MCS- Short form-36
Mental component summary score; SF-36-PCS- Short form-36 Physical component summary
score.
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Table 3: Longitudinal validity of the PREE, the ASES-e and the DASH
Pearson’s
correlation
coefficient (r)
(N=128)

PREE
Pain
Change
Score

PREE Pain
Change score

1

PREE Function
Change Score

0.40

1

0.81

0.86

1

pASES-e pain
change score

0.85

0.41

0.74

1

pASES-e function
change score

0.24

0.40

0.33

0.24

1

DASH change
score

0.41

0.62

0.62

0.46

0.23

PREE
Function
Change
Score

PREE
total
Change
score

pASES-e
Pain change
score

pASES-e
function
change
score

DASH
change
score

PREE total
change score

1

All correlations are significant to the level of p<0.01. Change score- Difference between baseline
and six months scores; PREE- Patient rated elbow evaluation; pASES-e American society of
elbow surgeons- Elbow form; DASH- Disabilities of the arm, shoulder and hand.
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Table 4: Effect sizes and Standardized response mean for the three questionnaires
Outcome

Baseline

6 months

Change

measure

score*

score*

score*

PREE
Pain

25.13 (11.42)

9.43 (9.99)

PREE
Function

27.99 (15.53)

PREE
Total

ES (95% C.I.)

SRM (95% C.I.)

15.86 (12.67)

1.4 (1.2 - 1.6)

1.3 (1.0 - 1.4)

5.93 (11.16)

22.31 (14.57)

1.4 (1.3 - 1.6)

1.5 (1.4 - 1.7)

53.12 (23.39)

15.36 (19.72)

38.75 (24.34)

1.7 (1.5 - 1.8)

1.6 (1.4 - 1.8)

pASESePain

24.24 (11.36)

8.31 (9.53)

16.02 (13.21)

1.4 (1.2 - 1.6)

1.2 (1.0 - 1.4)

pASESeFunction

14.68 (11.33)

28.76 (9.08)

14.61 (13.45)

1.3 (1.1 - 1.5)

1.1 (0.9 - 1.3)

DASH

46.33 (23.32)

13.2 (15.47)

33.29 (20.34)

1.4 (1.3 - 1.6)

1.6 (1.5 - 1.8)

*The values are expressed as mean and standard deviation (SD); PREE- Patient rated elbow
evaluation; pASES-e American society of elbow surgeons- Elbow form; DASH- Disabilities of
the arm, shoulder and hand; ES Effect Size; SRM Standardized Response Means; 95% C.I. –
95% Confidence Interval
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Table 5: Summary of exploratory factor analysis of the PREE using Principal Component
Analysis with Varimax rotation

Item (R2=77.2%)
Comb my hair
Eat with a fork or spoon
Use my arm to rise from a chair
Use a telephone
Do up buttons on the front of my shirt
Wash my opposite armpit
Tie my shoe
Turn the doorknob and open a door
Pain - When it is at its worst
Pain - At rest
Pain - When lifting a heavy object
Pain - When doing a task with repeated elbow movement
How often do you have pain?
Personal activities (dressing, washing)
Household work (cleaning, maintenance)
Work (your job or everyday work)
Recreational activities
Pull a heavy object
Carry a 10lb object with my arm at my side
Throw a small object, such as a tennis ball

1

2

3

0.83
0.82
0.62
0.85
0.87
0.79
0.75
0.67

4

0.59
0.81
0.74
0.68
0.75
0.77
0.71
0.81
0.85
0.85
0.78
0.59
0.66

*Cross loaded items are bolded; PREE- Patient rated elbow evaluation; R2 – percentage of

variance explained
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Table 6: Summary of exploratory factor analysis of the pASES-e using Principal Component
Analysis with Varimax rotation
Item (R2 = 74.4%)
Do up top button on shirt (Affected)
Manage toileting (Affected)
Comb hair (Affected)
Tie shoes (Affected)
Eat with utensil (Affected)
Carry a heavy object (Affected)
Rise from chair pushing with arm (Affected)
Do usual sport (Affected)
Do usual work (Affected)
Do up top button on shirt (Unaffected)
Manage toileting (Unaffected)
Comb hair (Unaffected)
Tie shoes (Unaffected)
Eat with utensil (Unaffected)
Carry a heavy object (Unaffected)
Rise from chair pushing with arm (Unaffected)
Pain - When it is at its worst
Pain - At rest
Pain - When lifting a heavy object
Pain - When doing a task with repeated elbow
movement
Pain- At night
Do usual work - describe (unaffected)
Do usual sport – describe (Unaffected)

1

2

3

4

0.91
0.87
0.90
0.91
0.88
0.69
0.87
0.65
0.88
0.89
0.87
0.88
0.58
0.93
0.76
0.88

0.47

0.85
0.71
0.82
0.84
0.72
0.49

0.76
0.86

*Cross loaded items are bolded; pASES-e American society of elbow surgeons- Elbow form; R2

– percentage of variance explained
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Table 7: Summary of exploratory factor analysis of the DASH using using Principal
Component Analysis with Varimax rotation
Item (r2=71.3%)

1

2

3

4

5

Write.
0.45 0.42
Prepare a meal.
0.59
Make a bed.
0.66
0.45
Wash or blow dry your hair.
0.68 0.49
Wash your back.
0.61
Put on a pullover sweater
0.69
Use a knife to cut food
0.69
Recreational activities which require little effort
0.69
Manage transportation needs
0.62
Sexual activities.
0.71
Stiffness in your arm, shoulder or hand.
0.60
0.54
Turn a key.
0.74
Push open a heavy door.
0.72
Place an object on a shelf above your head.
0.76
Carry a shopping bag or briefcase.
0.85
Carry a heavy object (over 10 lbs).
0.81
Change a lightbulb overhead.
0.70
Do heavy household chores
0.53
0.60
Garden or do yard work.
0.52
0.62
Open a tight or new jar.
0.63
Recreational activities in which you take some force or
0.73
impact through your arm, shoulder or hand.
Recreational activities in which you move your arm freely
0.73
Arm, shoulder or hand pain.
0.78
Arm, shoulder or hand pain when you performed any
0.76
specific activity.
Tingling (pins and needles) in your arm, shoulder or hand.
0.45
Weakness in your arm, shoulder or hand.
0.73
During the past week, were you limited in your work or
other regular daily activities as a result of your arm,
0.46 0.52
shoulder or hand problem?
During the past week, to what extent has your arm, shoulder
or hand problem interfered with your normal social activities
0.81
with family, friends, neighbours or groups?
During the past week, how much difficulty have you had
0.65
sleeping because of the pain in your arm, shoulder or hand?
I feel less capable, less confident or less useful because of
0.63
my arm, shoulder or hand problem.
*Cross loaded items are bolded; DASH- Disabilities of the arm, shoulder and hand; R2 – percentage of
variance explained
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CHAPTER 3: MEASUREMENT OF ELBOW PAIN AND FUNCTION: A SYSTEMATIC
REVIEW OF THE PSYCHOMETRIC PROPERTIES OF TWO ELBOW SELF-REPORT
MEASURES1
ABSTRACT
Objective: Patient Rated Elbow Evaluation (PREE) and the self-report section of the American
Shoulder Elbow Surgeons – elbow form (pASES-e) are two patient reported outcome measures
(PROM) commonly used to assess pain and disability arising from elbow disorders including
degenerative and rheumatoid arthritis. The objective of this current study is to systematically
review and summarize the quality and the content of the evidence that is available on their
psychometric properties.
Methods: We systematically searched the online databases PubMed, EMBASE, ProQuest,
CINHAL, Up-to-date, Dissertations and thesis and Google Scholar. 91 articles were retrieved
and after screening, 9 were included in the final analysis. Data extraction and quality appraisal
was performed by two independent raters. Descriptive synthesis of the reviewed studies was
done.
Results: 7 of the 9 studies had a quality score of 75% or higher. Agreement between the raters
was good (Kappa 0.81). Both the PROMs did not demonstrate any floor and ceiling effects
except for the satisfaction sub scale of the pASES-e. Factor analysis revealed multidimensionality in the function sub scale for both the PROs. Construct validity was good with
correlations above 0.70. Both were highly reliable with ICCs > 0.90. They were also highly
responsive with an effect size (ES) and standardized response mean (SRM) above 1. The
Minimal Clinical Important Difference (MCID) were not estimated for both measures.
Conclusion: The PREE and the pASES-e have been established to be valid, reliable and
sensitive to change in both clinical and research settings based on high quality evidence.

A version of this work has been submitted for journal publication: Vincent, JI, MacDermid, JC, King
GJW, Grewal, R. Measurement of elbow Pain and Function: a systematic review of the psychometric
properties of two elbow self-report measures. Arthritis Care & Research. (2014)
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SIGNIFICANCE AND INNOVATIONS


Thorough systematic review on the psychometric properties of the two elbow self-report
measures.



Conclusions are based on high quality evidence.



Both the PREE and the pASES-e have demonstrated optimal levels of psychometric
properties supporting their continued use in both clinical and research settings.
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INTRODUCTION
Patient reported outcome measures (PROM) are commonly used to measure pain and disability,
which is in line with the patient centered care where patients are empowered to make informed
decisions regarding their health status and its management.(1, 2) PROMs should provide a valid
and reliable estimate of a patient’s status, and should be able to detect change in a patient’s state
of health as it evolves. Hence, these measures require rigorous evaluation of their measurement
properties. It is important for clinicians to ensure that the PROMs they use are valid and reliable,
so that they can be confident about the results they obtain and the inferences they make.(3)
Utility is another issue to consider with the use of PROMs. Administrative burden (i.e. time, cost
and ease of calculating final scores) and patient burden (i.e. reading level, ease of completion,
time required) are important factors that determine the utility of a PROM.
Evidence about the measurement properties of requires testing of different properties,
patient populations and contexts so which is rarely accomplished in a single study. Therefore, it
is important to identify, evaluate and synthesize the pool of evidence that informs our
understanding in measurement performance of different tools. Systematic reviews of clinical
measurement studies should provide an unbiased synthesis of the body of literature supporting
specific applications of different PROMs and thereby assist clinicians by accessing the best
evidence for selection and application of PROMs for their practice.
The Patient Rated Elbow Evaluation (PREE) (4, 5) and the self-report section of the
American Shoulder Elbow Surgeons – elbow form (pASES-e).(6) are the two joint specific
PROMs that are commonly used to assess the pain and disability from elbow disorders. These
two measures were developed in the 1990’s and are being used consistently by surgeons and
hand therapists treating elbow disorders; and upper extremity researchers alike across the globe.
Recently, these measures have both been recommended as a core set of measures to assess
patients with elbow disorders.(7) Cross cultural adaptations of these tools are emerging.(8-10)
A previous systematic review has focused on evaluating all the rating systems of the
elbow.(11) There were some potential pitfalls in that study. Firstly, they did not have a specific
research question with specified inclusion and exclusion criteria. Further, they only searched one
database (PubMed). This created the potential for selection bias and missing evidence that might
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have been obtained through other electronic databases (i.e. Scopus, ProQuest etc.). Previous
studies have shown that a search of PubMed alone does not identify all relevant articles.(12, 13)
They did not include studies from languages other than English or versions of the PROMs in
other languages. This may have led to language bias. Some of the articles that were missed in
that review had the potential to change the conclusions on the quality of the PREE that was laid
out in that review. The pASES-e was not included in the review. Hence the purpose of the
current study was to perform a comprehensive systematic review of the literature and summarize
the quality and the content of the evidence that is available on the psychometric properties of the
PREE and the pASES-e.
MATERIALS AND METHODS
Description of the measures
Patient Rated Elbow Evaluation: The PREE was developed in the year 2000. It is a twenty
item PROM which evaluates pain and disability arising from elbow disorders.(4, 5) It has 2
sections namely, pain and function. The pain section consists of five items and the function
section has fifteen items. The function section is further sub-divided into specific activities (11
items) and usual activities sub scales (4 items). Each of the items are scored on a 0 – 10 scale.
The total score is calculated out of 100, where pain and disability are equally weighted. The
higher the PREE total score the greater the pain and disability.(14)
American shoulder and elbow surgeons-elbow form (self-report part) (pASES-e): The
pASES-e is an eighteen item PRO with three sections– pain, function and satisfaction.(6) The
pain section has five items scored on a scale from 0 to 10. The function section has 12 items
scored on a 0-3 ordinal scale and evaluates both the affected and unaffected arm. The greater the
total score, the greater the disability. The satisfaction section has 1 item asking patients to rate
their satisfaction from treatment on a scale of 0 to 10. There is no total score for the pASES-e.
Search strategy: Electronic databases PubMed, EMBASE, ProQuest, CINHAL, Up-to-date;
Dissertations and thesis, Google Scholar along with specific journals like Hand, JOSPT, Journal
of Hand Therapy were searched; also reference lists were retrieved from articles and were used
to identify potential articles that could have been missed during the regular search. Since these
questionnaires were developed after 1995, these databases were searched from Jan 1995 to Apr
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2014, in all languages. Three groups of search terms were used in various combinations using
‘AND’s and ‘OR’s. (See Appendix 1) The PRISMA guidelines (15) were followed in reporting
the search strategy. (See Figure 1)
Selection criteria: Articles were included in the review if they met the following inclusion
criteria: 1) measurement of at least one psychometric property of either the PREE or the ASES-e,
2) published in any language and 3) inclusion of subjects with any elbow disorders. In the first
stage of the literature search, the title/abstracts from the search yield were screened by two
independent reviewers based on the inclusion criteria. In the next stage, full manuscripts were
retrieved for the selected articles. After this, the final set of articles that met the inclusion criteria
were selected and subjected to quality appraisal.
Quality Appraisal: A pair of raters independently conducted a quality appraisal of the articles
retrieved based on the inclusion criteria. The quality appraisal of the included studies was
assessed using a previously developed quality appraisal tool developed by MacDermid- the
Quality Appraisal for Clinical Measurement Studies (QA-CMS).(16) The QA-CMS has
demonstrated high inter-rater reliability (ICC > 0.90).(17, 18) Once the quality was appraised,
data was extracted using a data extraction form.(16) The reviewers met with the developer of the
quality appraisal tool (JMD) and performed a calibration review. Every item of the appraisal tool
was briefed to the reviewers to clarify the intended meaning and interpretation. Then the articles
were independently appraised by the two reviewers. Once this process was complete, both the
reviewers met for discussion to achieve consensus on individual items of appraisal. When
consensus was not achieved, a third reviewer helped to resolve the disagreement. The studies
were arranged in the descending order of quality scores. The kappa value was calculated to
assess the overall inter-rater agreement before consensus was achieved.(19, 20) The inter-rater
reliability of the quality assessment tool was measured using the interclass correlation coefficient (ICC). (21-24)
RESULTS
Search yield: The search of the above mentioned sources yielded 91 articles. Once the
duplicates and irrelevant articles were removed 32 articles remained for screening using the
inclusion and exclusion criteria. Out of the thirty two articles that were screened, seventeen did

51

not meet the selection criteria, leaving fifteen articles for which full text was obtained. After
reviewing the full text, six additional articles were excluded.

Finally, 9 articles remained which

were then included for quality appraisal. (See Figure 1) The PREE was studied more frequently
than the pASES-e. Out of these nine articles 4 focussed specifically on the PREE; (7, 8, 10, 25,
26) only one was specific to pASES-e; (9) and the remaining four included both the PROMs.(5,
25, 27, 28) The synthesis of individual studies and the psychometric properties they are
measuring are described in Table 1. All the studies included patients who underwent surgical
intervention.
Quality rating: The quality score for the included articles ranged from 54% to 96%, with 78 %
of articles having a score of 75% or higher. (See Table 2) The quality assessment tool exhibited
excellent inter-rater reliability (ICC 0.94; 95% CI 0.91 – 0.96). The overall agreement between
the raters was good (Kappa 0.81 p<0.001). The common design flaws observed with the
reviewed articles were: most studies did not have a valid justification for sample size, studies did
not explicitly report their hypothesis, and the studies lacked of clarity in reporting the type and
sub-type of the psychometric properties being measured. For example, most of the studies
mentioned that they were assessing validity and reliability but did not explicitly mention the type
of validity or reliability they were intending to measure. Additionally, most studies did not report
the estimates of measurement error like the SEM or use confidence intervals. As well, modern
psychometric methods like item response, response shift or Rasch analysis were seldom used and
conclusions were vague and non-specific.
Readability, language and cross cultural translation/adaptation: The PREE and the pASES-e
both have been reported to be easy to read and understand.(28) (Table 3) The reading level for
the PREE was equivalent to that of grade 6 (Flesch level 6.3).(29) With regards to missing
responses to items, a minimal completion criterion of 65% was set for the PREE.(10) There was
no specific pattern of missing responses to items.(8, 10) For the pASES-e one study reported
items 18 and 19 (do usual work or sport) (27.5% to 33%) were missing.(9) The PREE has been
translated into German (10) and Japanese (8) and has been reported to have exhibited
psychometric properties that were similar to the English version. The German translation of the
pASES-e has exhibited psychometric properties equivalent to that of the original English
version.(9)
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Administrative burden: Administrative burden was reported in only one study. Angst et al
reported that it took only 3 minutes each to complete the PREE and the pASES-e.(28)
Floor and ceiling effects: The floor and ceiling effects of the two questionnaires have been
reported. Angst et al(28) observed a ceiling of 15%, 4% and 4% for the pain subscale, function
sub scale and the total PREE score respectively; while observing a ceiling of 14% for the pain
subscale, 4% for function affected sub scale and 43% for satisfaction subscale. For the Japanese
version of the PREE, no or very low (4%) floor and ceiling effects were observed.(8) While for
the German version of the PREE, the ceiling ranged from 5.3% to 14.3%.(10)
Factorial validity: The PREE pain scale has been reported to be unidimensional both in the
English version (25) and the Japanese version.(8) But the function sub scale of the English
version loaded onto three factors while its Japanese counterpart loaded onto two factors.(8, 25)
For the pASES-e the principle component analysis with varimax rotation revealed that the
pASES-e loaded onto four different factors.(25)
Construct validity: Construct convergent validity has been established for the PREE and the
pASES-e. Their strength of relationship with the DASH, Quick DASH and the SF-36 were
consistently studied. For the PREE, high correlations (r > 0.70) were reported with the Quick
DASH, DASH, pASES-e pain subscale, pASES-e total score, PREE pain sub scale and PREE
function sub scale(5, 7, 8, 10, 25, 26, 28); moderate correlations (r = 0.30 – 0.70) have been
established with the Clinician section of the ASES-e (cASES-e), pASES-e function sub scale and
SF-36 physical component sub scale.(5, 10, 25, 28) The pASES-e total score correlated highly
with the DASH; PREE function score and PREE total score (9) and moderately with the
Clinician part of the ASES and SF-36 physical component sub scale.(5, 9, 28) Construct
divergent validity for both the PROM has been established with the Mental Component
Summary Score of the SF-36.(5, 7-10, 25, 28) The strength of correlations of individual sub
scales with various constructs is shown in Table 3.
Reliability:
Internal consistency: The internal consistency of the PREE has been shown to be slightly
higher than the pASES-e. For the PREE, Vincent et al (25) reported a Cronbach’s alpha of 0.95
(95%CI 0.94 – 0.96), while Hanyu et al (8) and John et al (10) reported 0.97 and 0.96

53

respectively for the Japanese and the German version. For the pASES-e the Cronbach’s alpha
value was reported to be 0.93 (95% CI 0.91 – 0.94) (25) for the English version and 0.90 for the
German version.(9) (See Table 4)
Test-retest reliability: Relative reliability of the PREE has been well established and has been
shown to have excellent reliability co-efficients. For the English version, the ICCs of 0.95 (95%
CI 0.86 – 0.98) for the total score and for the individual sub scales ICCs ranging from 0.88- 0.89
have been reported.(5) For the Japanese and the German version, the ICCs varied from 0.73 to
0.94(8, 10) for the different sub scales and the total score. (See Table 4) The pASES-e has also
demonstrated acceptable levels of relative reliability. The ICCs for the various sub scales of the
English version ranged from 0.64 to 0.90.(5) While for the German version higher ICCs were
reported (0.74 to 0.93).(9) (See Table 4)
Minimal Detectable Change (MDC) and Standard Error of Measurement (SEM): Absolute
reliability has been reported only for the German version of the pASES-e. (Table 4) The SEM
for the sub scales ranged from 1.62 (95% CI -2.05 – 3.05) (satisfaction sub scale) to 11.62 (95%
CI -23.74 – 23.28) (Function unaffected subscale) and 6.23 (95%CI -15.8 – 9.88).(9) MDC95%
for the pASES-e was 16.05 points.(9)
Responsiveness: Both the PREE and the ASES-e have been reported to be highly sensitive to
change with effect sizes (ES) and standardized response means (SRM) above 0.80. The PREE
was slightly higher when compared to the pASES-e. (Table 5) The ES and the SRM for the
PREE, as reported in three studies, ranged from 1.7-1.1 and 1.3-1.6 respectively.(8, 25, 27)
Angst et al(27) was the only study that has reported the ES and SRM for the pASES-e and they
were 1.32 and 1.17 respectively.(27)
Only one study has established the longitudinal construct validity of the PREE and
pASES-e.(25) The change scores of the two measures and the DASH were used in the analysis.
(Table 5) For the PREE, the correlations ranged from 0.77 with the pASES-e pain scale to 0.33
with the pASES-e function scale and demonstrated a moderate correlation (r = 0.62) with the
DASH. For the pASES-e, the pain sub scale exhibited high to moderate correlations with the
PREE and the DASH (0.41 to 0.85). The function subscale correlated the least with correlations
ranging from 0.23 to 0.40.
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Angst et al has studied the sensitivity and specificity of the two measures.(27) The PREE and the
pASES-e demonstrated almost similar sensitivity indices. (Table 5) The PREE discriminated
between much better and the other categories with an AUC of 0.68 (95% CI 0.57 – 0.81) and it
was 0.67 (95%CI 0.53 – 0.80) for the pASES-e which supports the power of discrimination of
the measure. The PREE was more specific (0.71 Vs 0.69) and the pASES-e (0.65 Vs 0.63) was
more sensitive.(27)
DISCUSSION
This study from its review of 9 articles concluded that strong clinical measurement
properties exist for both the PREE and the pASES-e and that one cannot be recommended over
the other. Despite the strong measurement properties reported we identified gaps in the current
evidence for both the ASES-e and the PREE. The studies reviewed were of high quality which
indicates that the recommendations that are generated from this review are based on quality
clinical measurement research.
Content validity was reported as being acceptable for both PROMs as multiple studies
suggested that ‘all items were easy to understand’. However, the content of these PROMs have
not been adequately analyzed using formal content analysis strategies. This is not unexpected
since many PROM’s have not used rigorous and structured content analysis during development
or evaluation. It is recommended that the content of these questionnaires be analysed against the
international standard set up by the World Health Organisation called the International
Classification of Functioning Disability and Health (ICF). (30) Other methods that can provide a
structured approach to evaluate content such as cognitive interviews, qualitative studies, concept
mapping, etc. have not been reported as ways of analyzing content of either measure. Despite
this lack of formal evaluation of content, face validity suggests that they both measure pain and
disability in patients with elbow conditions.
Floor and ceiling effects can pose potential problems because when patients score at the
extremes of a scale, further worsening or improvement may not be detected. A floor or ceiling
effect has been defined as being problematic if more than 15% of the participants are at either
ends of the spectrum; (31) however this was not a problem for the PREE and the pASES-e
except for the satisfaction section for the pASES-e. It has been previously argued that
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satisfaction is a concept that is less relevant to the constructs of pain and disability(32, 33) and
should be considered as a separate section and efforts should not be made to include the score
from the satisfaction section when total score calculation is attempted for pASES-e.(25)
Unidimensionality is another important clinical measurement property of outcome
measures since measures are typically defined as measuring a specific construct and should be
able to measure that as a single trait. (34) Exploratory factor analyses of both the PREE and the
pASES-e suggested that they were not unidimensional. However, internal consistency was high
(>0.90) for both the PREE and the pASES-e supporting unidimensionality. These findings need
to be explored further using powerful statistical methods like confirmatory factor analysis,
structural equation modeling or Rasch analysis.(35-38) The confirmatory analyses can determine
the dimensionality of these measures and may suggest amendments that may render these
measures unidimensional if they are not.(34, 37)
The PREE and the pASES-e have demonstrated expected correlations (>0.70) with other
measures measuring a similar construct like the DASH, Quick DASH and between themselves.
This indicates that these scales are measuring similar constructs and can be used solely based on
the clinical need and ease of use. Both these measures have demonstrated moderate correlations
with the physical component summary score of the SF-36, underlining the effect of disability on
overall physical health status. There is little evidence in the literature surrounding the known
group validity of these two measures making it difficult to make interpretations in specific
populations. Future studies are needed to assess the validity of these measures on using
additional clinical populations.
Both these measures have been deemed to be fit for use in either individual assessments
or for use in a group as they have demonstrated high test-retest reliability ICC>0.90. However,
these indices are measures of relative reliability and not absolute reliability. For a measure to be
clinically useful, measures of absolute reliability such as the SEM and MDC should be
provided.(21) These indices create estimates that are free of measurement error and capture
changes that are important clinically and for the patients themselves. SEM and MDC have been
calculated only for the German version of the pASES-e.(9) Another measure of reliability that
was reported for both the PROMs is the Bland and Altman technique; it is used to assess
reliability and can detect bias between assessments.(39) Future studies should focus on deriving
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these measures to enhance clinical applicability by being able to detect and quantify change as it
occurs.
The PREE and the pASES-e are sensitive to change established by large ES and SRM
from multiple studies.(8, 25, 27) Therefore, these two measures can detect true change in the
patent’s status as it happens.(40) SRM and ES are distribution based methods and can only
capture real change.(41, 42) To capture the clinically important change, future studies need to be
conducted that use anchor based methods such as the Global Rating of Change (GRoC) to
calculate minimal clinically important difference (MCID).(21, 40, 42) This is a vital
characteristic of any measure that would help increase the tools clinical utility by increasing the
confidence of the clinician or researcher when interpreting the results of an outcome measure.
A report on the quality assessment tools used to evaluate the quality of systematic
reviews identified 86 different tools; it recommended that these tools should be developed using
rigorous processes, based on evidence and they should be reliable.(43). A fundamental
component of systematic reviews is that they assess study quality or risk of bias. The two most
commonly used appraisal tools in clinical measurement research are the QA-CMS (16) and the
COSMIN criteria. Previous studies have found that the QA-CMS has demonstrated excellent
test-retest reliability (ICC >0.90), and this is consistent with the findings of this study. (17, 18,
44) The COSMIN was developed with an international committee and has gained acceptance for
use in measurement reviews, although reliability has not been consistently good.(45) The QACMS was selected for its ease of use, track record of reliability and flexibility to deal with
different types of measurement studies.
The strengths of the current study are the inclusion of articles from any language; to
reduce the potential for bias since measures may perform differently across contexts. We found
that there is insufficient volume of clinical measurement evidence to fully define all of the
measurement properties of these tools, it was critical that we did not miss relevant studies. The
weakness of our review limited the recommendations arising from this work and it should be
considered when interpreting our findings. We could not calculate a pooled estimate for key
psychometric properties because of the small number of studies and the heterogeneity in the
studies. One of the co-authors of the paper is the developer of the PREE, and our critical
appraisal tool which may have affected our reliability. However, this author was secondarily
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involved and primary data extraction was performed by the first author and the last author. Since
our findings were equally supportive of the PREE and pASES-e, there does not appear to be a
bias in our findings or recommendations.
Future studies investigating the clinical measurement properties of the PREE and the
pASES-e may consider the following recommendations in their design and reporting: 1) Use
powerful statistical methods that are part of modern psychometric methods such as Rasch
analysis to analyse the fit of the PROs to the model requirements, 2) provide clear justification of
the sample size used 3) state clear hypotheses of what is expected for the properties being tested
4) calculate clinically important estimates like MCID, SEM etc. and 5) provide clear and specific
conclusions that reflect the purpose of the review.
In conclusion, the PREE and the pASES-e have been shown to be valid, reliable and
sensitive to change in both clinical and research settings based on high quality evidence.
However, to improve the clinical utility, clinically important measurement estimates such as the
SEM and MCID should be established. Future studies should focus on using modern
psychometric methods to evaluate these two PROs against rigorous statistical models.
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Table 1: Summary table describing the studies included in the systematic review
Study

quality
score

PRO

Population

n

Clinical measurement
properties measured

Angst et al
(2012)(32)

ASESe; PREE

Total elbow arthroplasty (RA
and post-trauma cases); M:F
- 19:46;
Age [mean(SD)] = 61.9(13.0)

65

95.83

Responsiveness (SRM and ES);
ROC curve analysis; test-retest
reliability; Sensitivity and
specificity

Vincent et al
(2013)(30)

PREE;
ASES-e

Various elbow surgeries M:F
– 84:44;
Age [mean(SD)] = 46.5
(12.8)

128

87.5

Internal consistency; construct
validity; longitudinal validity;
responsiveness (SRM and ES),
factor analysis

Hanyu et al
(2013)(13)

Various elbow pathologies
M:F – 39:35; Age
[mean(SD)] = 46.7 (20.7)

74

83.33

Translation and cross-cultural
adaptation; test-retest reliability;
internal consistency; construct
validity; responsiveness, factor
analysis

PREE

PREE;
ASES-e

Elbow trauma (Operative and
non-operative cases);
Infection; OA; RA; lateral
epicondylitis; M:F - 33:37;
Age [mean(SD)] = 49(16)

70

79.17

Test-retest reliability
Construct validity
Divergent validity

John et al
(2010)(14)

79.17

ASES-e

Total elbow arthroplasty (RA
and post-trauma cases); M:F
- 22:53;
Age [mean(SD)] = 64.1(13.3)

75

Translation and cross-cultural
adaptation; test-retest reliability;
internal consistency; construct
validity; Divergent validity; Floor
and ceiling

Angst et al
(2005)(33)

75

PREE;
ASES-e

Total elbow arthroplasty (RA
and post-trauma cases; M:F 23:56; Age[mean(SD)] =
64.1(13.3)

79

Construct validity; exploratory
factor analysis;
Known group validity
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John et al
(2007)(15)

75

PREE

Elbow prosthesis; M:F 19:37; Age [mean(SD)] =
63.7(11.4)

Translation and cross-cultural
adaptation; test-retest reliability;
internal consistency; construct
validity; Divergent validity

Schimdt and
Stangl
(2013)(31)

70.83

PREE

Various elbow pathologies
M:F – 39:16; Age
mean(Range)] = 46 (13 – 71)

55

Construct validity

Liem et al
(2012)(12)

54.16

PREE

Various elbow pathologies
M:F 33:33;
Age [mean(Range)] = 49.99
(19.4 – 72.5)

66

Construct validity

MacDermid
et al
(2001)(10)

PREE- Patient rated elbow evaluation; ASES-e – American shoulder and elbow surgeons – elbow
questionnaire; M- Male; F – Female; SD – Standard deviation
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Table 2: Quality of studies included in the systematic review (arranged according to study
quality)

Study

Item evaluation score for each criteria on the MacDermid
quality assessment tool (Min=0; Max=2)

Total
score

Quality
score
(%)

1

2

3

4

5

6

7

8

9

10

11

12

Angst et al
(2012)(32)

2

2

2

2

2

1

2

2

2

2

2

2

23

95.83

Vincent et al
(2013)(30)

2

2

2

2

1

2

2

1

2

2

2

1

21

87.50

Hanyu et al
(2013)(13)

2

2

2

2

0

1

2

2

2

2

2

1

20

83.33

MacDermid et
al (2001)(10)

2

1

2

2

0

1

2

2

2

2

2

1

19

79.17

John et al
(2010)(14)

2

1

2

2

0

1

2

2

2

2

2

1

19

79.17

Angst et al
(2005)(33)

2

1

2

2

0

N/A

2

2

2

2

1

2

18

75.00

John et al
(2007)(15)

2

1

1

2

0

1

2

2

2

2

2

1

18

75.00

1

2

2

1

0

N/A

2

2

2

2

2

1

17

70.83

0

0

N/A

1

1

2

2

1

1

13

54.16

Schimdt &
Stangl
(2013)(31)

Liem et al
1
2
2
(2012)(12)
N/A – Not applicable to the study

Disagreement in 30 instances 78/108*100= 72.22 before consensus
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Table 3: Summary of validity properties, cross cultural adaptations and administrative and
responder burden of the PREE and the pASES-e

Clinical
measurement
property
Content
Validity
(includes
analysis of
questions, Floor
and Ceiling
effects, missing
items)

Data extracted
PREE
-All questions were easily understood
and completed by all patients.(33)
-No patients had difficulty completing
the questionnaire. (Japanese
version)(13)
Floor and Ceiling effects
Pain subscale:
Floor – 0%; Ceiling – 15%(33) Floor –
1%; Ceiling – 3% (Japanese
version)(13);
Floor – 0%; Ceiling – 14.3% (German
version)(15)
Function subscale:
Floor – 0%; Ceiling – 4%(33)
Floor – 1%; Ceiling – 4% (Japanese
version)(13)
Floor – 0%; Ceiling – 5.3% (German
version)(15)
Total score:
Floor – 0%; Ceiling – 4%(33)
Floor – 1%; Ceiling – 0% (Japanese
version)(13)
Floor – 0%; Ceiling – 5.3% (German
version) (15)

pASES-e
-All questions were easily
understood and completed by all
patients.(33)

Floor and Ceiling effects
Pain subscale:
Floor – 0%; Ceiling – 14%(33)
Function affected subscale: Floor –
0%; Ceiling – 4%(33)
Satisfaction subscale:
Floor – 3%; Ceiling – 43%(33)
Total score:
Floor – 0%; Ceiling – 3%(33)

Factor
structure

-Principal component analysis with
Principal component analysis with
varimax rotation supported a 4 factor
varimax rotation supported a 4 factor
model with only one cross loading.(30) model with 2 cross loadings.(30)
-PREE pain has a unidimensional
structure; PREE function has a bidimensional structure.(Japanese
version)(13)

Construct

Reported high Correlations (> 0.70):

Reported high Correlations (>
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convergent
validity

Pain subscale:
PREE Function score(12, 13)
PREE total score(12, 13, 30)
pASES-e pain subscale(10, 30)
Quick DASH(31)
DASH total (Japanese version)(13)

Function subscale:
PREE pain score (12, 13)
PREE total score(12, 30)
DASH total score(13, 15, 30)
Quick DASH(12, 31)
DASH(10)

Total score:
PREE pain (12, 13, 30)
PREE function(12, 13, 30)
pASES-e pain(30)
DASH total (10, 13, 15, 30)
Quick DASH (12, 31)
pASES-e total score(33)

Reported moderate Correlations
(0.30 to 0.70):
Pain subscale:
PREE function (30)
pASES-e function affected (30)
DASH total(15, 30) SF-36 PCS score(10,
15)
Quick DASH (12)

Function subscale:
PREE pain (30)
pASES-e pain(30)
pASES-e function affected (30)
SF-36 PCS score (10, 13, 15, 30, 33)
cmASES(15)
Total score:
pASES-e function affected (30)
SF-36 PCS score (10, 13, 15, 30)
cmASES (33)

0.70):
Pain subscale:
PREE pain subscale (10, 30)
PREE total score(14, 30)
DASH (10)

Function affected subscale:
DASH (14)
SF-36 Physical component summary
(14)
PREE function score (14)
PREE total score(14)

Satisfaction subscale:
None
Total score:
DASH(14)
PREE function score(14)
PREE total score(14)

Reported moderate Correlations
(0.30 to 0.70):
Pain subscale:
PREE function subscale (30)
pASES-e function affected (30)
DASH total score (14, 30)
SF-36 PCS score(10, 14)
cmASES (15)

Function affected subscale:
PREE pain (30)
PREE function (30)
PREE total score (30)
pASES-e pain(30)
DASH total score (30)
SF-36 PCS score (10, 30)
cmASES(15)

Satisfaction subscale:
SF-36 PCS score(10, 15)
DASH total score(15)

Total score:
cmASES (15, 33)
SF-36 PCS score(10, 15, 33)

Construct
divergent
validity

Pain subscale:

Pain subscale:

SF-36 Mental component summary(13)

SF-36 Mental component summary(15)

Function subscale with:

Function affected subscale with:

SF-36 Mental component summary(13,

SF-36 Mental component summary(15,

66
30, 33)

30)

Total score with:

Satisfaction subscale with:

SF-36 Mental component summary(10,
12, 13, 15, 30)

SF-36 Mental component summary(15)

Total score with:
SF-36 Mental component summary(15,
33)


Cross-cultural
adaptation



Response
burden





German version.(15) Translated
with inputs from the developer and
found psychometric properties that
was equivalent to the original
English version.
Japanese version.(13) Found the
adapted version to exhibit clinical
measurement properties equivalent
to the original English version.
Time to complete: 3 minutes (33)
Clarity of items: Was easily
understood.(32)
Reading level: Flesch level of 6.3
which is equivalent to Grade 6
reading level. (34)



German version.(14) Found
clinical measurement properties
that were equivalent to the
original English version.



Time to complete: 3
minutes(33)
Clarity of items: Was easily
understood.(33)(32)



PREE – Patient Rated Elbow Evaluation; pASES-e – self-report section of the American Shoulder and
Elbow Surgeons – elbow form; SF-36
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Table 4: Summary of reliability indices for the PREE and the pASES-e

Clinical
Data extracted
measurement
PREE
pASES-e
property
Test-retest
Pain subscale:
Pain subscale:
0.92 (Japanese version)(13)
0.90 (95% CI 0.82 – 0.94) (German
reliability
0.90 in RA cases (Japanese version)
Version)(14)
(ICC)
(13)
0.89 (95% CI 0.80 – 0.94) (10)
0.88 (95% CI 0.78 – 0.94) (10)
Function Subscale(Affected):
0.73 (German Version)(15)
0.87 (95% CI 0.78 – 0.92) (German
Version) (14)0.79 (95% CI 0.66 –
Function Subscale:
0.93 (Japanese version) (13)
0.88) (10)
0.86 in RA cases (Japanese version)
Function Subscale(Unaffected):
(13)
0.74 (95% CI 0.53 – 0.87) (German
0.89 (95% CI 0.79 – 0.94) (10)
Version) (14)
0.82 (German Version) (15)
0.64 (95% CI 0.42 – 0.78) (10)
Total score:
Satisfaction subscale:
0.94 (Japanese version) (13)
0.84 (95% CI 0.71 – 0.91) (10)
0.90 in RA cases (Japanese version)
Total score (affected):
(13)
0.93 (95% CI 0.88 – 0.96) (German
0.95 (95% CI 0.86 – 0.98) (10)
Version) (14)
0.80 (German Version) (15)
Total score (unaffected):
0.92 (95% CI 0.84 – 0.96) (German
Version) (14)
None
Standard
Pain subscale:
8.94 (95% C.I -21.23 to 14.74)
Error of
(German Version(14)
Measurement
(SEM)
Function Subscale (Affected):
9.04 (95% C.I -20.83 to 15.40)
(German Version) (14)Function
Subscale(Unaffected):
11.62 (95% CI -23.74 to 23.28)
(German Version) (14)
Satisfaction subscale:
1.32 (95% C.I -2.05 to 3.25) (German
Version) (14)
Total score (Affected):
6.23 (95% C.I -15.8 to 9.88) (German
Version) (14)
Total score (Unaffected):
6.61 (95% C.I -14.70 to 12.02)
(German Version)(14)
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MDC 95%

None

Mean retest
difference
(Bland and
Altman plot)
Internal
consistency
(Cronbach’s
alpha)

None

Pain subscale:
0.92(95% CI 0.88 – 0.93) (Japanese
version) (13)
0.93 (German Version) (15)
Function Subscale:
0.97 (95% CI 0.97 – 0.97) (Japanese
version) (13)
0.95 (German Version) (15)
Total score:
0.95 (95% CI 0.94 – 0.96)(30)
0.97 (95% CI 0.97 – 0.97) (Japanese
version) (13)
0.96 (German Version) (15)

Pain subscale:
23.51(German Version) (14)
Function Subscale (Affected):
23.42 (German Version)(14)
Function Subscale (Unaffected):
31.43 (German Version) (14)
Satisfaction subscale:
3.85 (German Version) (14)
Total score (Affected):
16.05 (German Version) (14)
Total score (Unaffected):
18.27 (German Version)(14)
Total Score: Affected side mean
difference and narrowest 95% CI -2.6
+ 16.05 (German Version) (14)
Pain subscale:
0.91(German Version) (14)
Function Subscale (affected):
0.93 (German Version) (14)
Function Subscale (unaffected):
0.94 (German Version) (14)
Total score (affected):
0.93 (95% CI 0.91 – 0.94) (30)
0.90 (German Version)(14)
Total score (unaffected):
0.90 (German Version) (14)

PREE – Patient Rated Elbow Evaluation; pASES-e – self-report section of the American Shoulder and
Elbow Surgeons – elbow form; ICC – Intra-class correlation co-efficient; RA – Rheumatoid arthritis

69

Table 5: Summary of responsiveness properties of the PREE and the pASES-e

Clinical
measurement
PREE
property
Effect size (ES) Pain sub scale:
1.7 (32)
1.4 (95%CI 1.2 – 1.6) (30)
1.32 (Japanese version) (13)
Function sub scale:
0.99 (32)
1.4 (95%CI 1.3 – 1.6) (30)
0.86 (Japanese version) (13)
PREE total:
1.5 (32)
1.7 (95%CI 1.5 – 1.8) (30)
1.12 (Japanese version) (13)

Data extracted
pASES-e
Pain sub scale:
1.55 (32)
1.4 (95%CI 1.2 – 1.6) (30)
Function sub scale:
0.77 (32)
1.3 (95%CI 1.1 – 1.5) (30)
Total Score:
1.32 (32)

Standardized
Response
Mean (SRM)

Pain sub scale:
1.27 (32)
1.3 (95%CI 1.0 – 1.4) (30)
1.31 (Japanese version) (13)
Function sub scale:
0.97 (32)
1.5 (95%CI 1.4 – 1.7) (30)
1.02 (Japanese version) (13)
PREE total:
1.37 (32)
1.6 (95%CI 1.4 – 1.8) (30)
1.28 (Japanese version) (13)

Pain sub scale:
1.15 (32)
1.2 (95%CI 1.0 – 1.4) (30)
Function sub scale:
0.75 (32)
(95%CI 0.9 -1.3) (30)
Total Score:
1.17 (32)

Longitudinal
Validity
correlation
with other
change scores

Pain sub scale change score:
With pASES-e pain: 0.85 (p<0.01)
(30)
With pASES-e Function: 0.24
(p<0.01) (30)
With DASH:0.41(p<0.01) (30)
Function sub scale change score:
With pASES-e pain: 0.41 (p<0.01)
(30)
With pASES-e Function: 0.40
(p<0.01) (30)

Pain sub scale change score:
With PREE pain: 0.85 (p<0.01) (30)
With PREE Function: 0.41 (p<0.01)
(30)
With PREE total score: 0.74 (p<0.01)
(30)
With DASH:0.46(p<0.01)(30)
Function sub scale change score:
With PREE pain: 0.24 (p<0.01) (30)
With PREE Function: 0.40 (p<0.01)
(30)
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Area Under
the Curve
(AUC)

With DASH:0.62 (p<0.01) (30)
PREE Total change score:
With pASES-e pain: 0.74 (p<0.01)
(30)
With pASES-e Function: 0.33
(p<0.01)(30)
With DASH:0.62 (p<0.01) (30)

With PREE total score: 0.33 (p<0.01)
(30)
With DASH:0.23(p<0.01) (30)

Pain sub scale:
0.65 (95% CI 0.51 – 0.78); Sensitivity
= 0.67; Specificity = 0.71 (32)
Function sub scale:
0.62 (95% CI 0.48 – 0.75);
Sensitivity = 0.83*; Specificity =
0.47* (32)
Total Score:
0.68 (95% CI 0.57 – 0.81);
Sensitivity = 0.63; Specificity = 0.71
(32)

Pain sub scale:
0.64 (95% CI 0.51 – 0.78);
Sensitivity = 0.64; Specificity = 0.71
(32)
Function sub scale:
0.62 (95% CI 0.47 – 0.78);
Sensitivity = 0.58*; Specificity =
0.63* (32)
Total Score:
0.67 (95% CI 0.53 – 0.80);
Sensitivity = 0.65; Specificity = 0.69
(32)

* - not significant; PREE – Patient Rated Elbow Evaluation; pASES-e – self-report section of the
American Shoulder and Elbow Surgeons – elbow form; DASH – Disabilities of the Arm Shoulder and the
Hand questionnaire
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INCLUDED

ELIGIBILIT
Y

SCREENING

IDENTIFICATION

Figure 1: Systematic review evidence flowchart based on PRISMA guidelines

Records identified through database
searching (n =86)
PubMed 25; EMBASE 24; ProQuest 7;
Scopus 24; CINAHL 6

Additional
records identified
through hand
searching
(n = 5)

Records after duplicates removed
(n =32)

Records screened
(n =32)

Full-text articles assessed for
eligibility
(n =15)

Records excluded.
Did not match inclusion
criteria (n = 17)

Full-text articles
excluded,
No data on the
psychometric properties
of the PREE or the
pASES-e (n = 6 )

Studies included in
qualitative synthesis
(n = 9)
Figure legend: CINAHL - Cumulative Index to Nursing and Allied Health Literature; PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses
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CHAPTER 4: LINKING OF THE PATIENT RATED ELBOW EVALUATION (PREE)
AND THE AMERICAN SHOULDER AND ELBOW SURGEONS – ELBOW
QUESTIONNAIRE (pASES-e) TO THE INTERNATIONAL CLASSIFICATION OF
FUNCTIONING DISABILITY AND HEALTH (ICF) AND HAND CORE SETS 1
ABSTRACT
Study Design: Content analysis-ICF linking
Introduction: The Patient Rated elbow evaluation (PREE) and the self-report section of the
American Shoulder and Elbow Surgeons society – Elbow form (ASES-e) are the two commonly
used elbow pain and disability self-report measures (PROs). The content of these questions have
never been analysed in light of the International Classification of Functioning Disability and
Health (ICF) which is the current standard to describe health and health related states.
Purpose: The purposes of this study were to analyse the conceptual basis of the PREE and the
ASES-e by linking the meaningful concepts in these PROs to the ICF using standardized linking
rules and to determine the extent to which the ICF core set for hand conditions cover the content
of elbow questionnaires using summary ICF linkage indicators.
Methods: Two raters linked the two PROs to the ICF using the linking rules proposed by Cieza
and colleagues. Percentage agreement was calculated between the raters. Summary linkage
indicators proposed by MacDermid were used to estimate the extent to which the ICF core set for
hand conditions cover the content of the elbow questionnaires.
Results: All the items of the PREE (Measure to ICF linkage-100%) and all but one item of the
pASES-e (Measure to ICF linkage-95%) were linked to the ICF. The satisfaction item on the
ASES-e was not-covered by the ICF. Percentage agreement on linking between the raters was
96% and 95% for the PREE and the pASES-e respectively. The unique linkage of the PREE and
the pASES-e to the unique codes on the brief and comprehensive core set lower than absolute
A version of this work has been submitted for journal publication: Vincent, JI, MacDermid, JC, King
GJW, Grewal, R. Linking of the Patient Rated Elbow Evaluation (PREE) and the American Shoulder and
Elbow Surgeons – Elbow questionnaire (pASES-e) to the International Classification of Functioning
Disability and Health (ICF) and Hand Core Sets. Journal of Hand Therapy (2014)
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linkage to the core set for hand conditions. The PROs represented less than 20% of the
comprehensive core set and more than 70% of the brief core set. While for the unique core set
disability representation the 2 measures represented 100% brief core set unique disability codes
and less than 35% of the comprehensive core set unique disability codes.
Conclusion: The PREE and the ASES-e are aligned with the ICF framework and the core sets
for hand conditions. The ICF Core Set devised for hand conditions may also be useful for elbow
conditions..
Level of evidence: 1b
Keywords: ICF, PREE, pASES-e, Content analysis, ICF core set for hand conditions, ICF
linking, Linkage indicators
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INTRODUCTION
Patient centered outcome research and patient reported outcomes (PRO) have become an integral
component in the field of health care. These measures should undergo rigorous validation before
they are accepted into clinical practice. The Patient Rated elbow evaluation (PREE)1 and the
self-report section of the American Shoulder and Elbow Surgeons society – Elbow form
(pASES-e)2 are currently among the most commonly used elbow self-report pain and disability
measures used in clinical practice and research. While multiple studies1,3-5 support the
psychometric properties of these tools there has been less attention to content validity.
Content analysis is a research technique for making replicable and valid inferences from texts
to the contexts of their use.6 Content validity of questionnaires is sometimes assessed by expert
review, but is often not structured and sparsely reported. Formal analysis of the content of items
of PRO should be a fundamental step in defining the conceptual domain of measures. However
content validity is often sparsely addressed in the literature, with informal review by experts
being common.7,8
The International Classification of Functioning Disability and Health (ICF) is a framework
for classifying health and health-related states.9 The ICF enables the transfer and interpretation of
data across borders and disciplines by providing a common language and a hierarchical coding
system to describe health and disability. Since PROs are often designed to measure disability,
coding the content of items using the ICF can provide a structured evaluation of content. It is
recommended that meaningful concepts in the questionnaires should be linked to the ICF codes
using established linking guidelines to provide a structured analysis of the content of PRO.10-12
The PREE and the ASES-e were developed using a process where items were generated from
pre-existing questionnaires and/or patient interviews. As such, the ICF conceptual framework
was not taken into consideration while developing these PROs. Both these PROs have been
recommended as key measures for assessing outcomes in elbow disorders.13,14 Cross-cultural
validation often evaluates whether questionnaire items can be developed to provide equivalent
estimates of disability in a different language or cultural context. For example, the PREE has
been translated into German and Japanese, while the pASES-e has been translated into
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German.15-17 Linking PROs to the ICF can assist with cross-cultural validation or assessment of
equivalence across translated measures.
The core set for hand conditions18 was developed by the ICF Research Branch in
collaboration with other organisations to help clinicians who are specialised in conditions of the
‘hand’. In this context, ‘hand’ conditions refer to problems located directly at the hand such as,
carpal tunnel syndrome, osteoarthritis of the hand or finger joints, amputation of fingers,
Dupuytren’s, hand injuries etc. As well, ‘hand’ conditions could also refer to conditions which
originate at a different part of the body but affect the hand such as stroke, Parkinson’s disease
and multiple sclerosis.18 Functionally, the shoulder provides a stable base and the elbow allows
placement of the hand in the space for it to function. Hence, clinicians often consider the
function of the upper extremity as a unit. Currently there is no specific ICF core set to help with
assessment of upper extremity conditions, although it might be considered that those established
for the hand would be relevant to the entire upper extremity.
PURPOSE
The purpose of this study was to analyse the conceptual basis of the PREE and the ASES-e by
linking the meaningful concepts in these PRO’s to the ICF following standardized linking rules
and also to assess the extent to which the ICF core set for hand conditions cover the content of
elbow questionnaires by obtaining the ICF linkage indicators.
METHODS
Description of measures:
Patient rated elbow evaluation (PREE): The PREE is a 20 item joint specific pain and
disability PRO of the elbow.1 The 20 items are grouped into 3 sections. The first section contains
5 items on pain. The second and third sections are on specific activities (11 items) and usual
activities (4 items) respectively. Each of the items are scored on an 11 point scale ranging from 0
– 10. The total score is out of 100 with higher scores indicating greater disability. The pain and
function items are weighted equally in the total score.19 The clinical measurement properties of
the PREE have been previously examined. The PREE has been shown to exhibit moderate to
high correlations with the ASES-e, the DASH, MEPI and the physical component summary
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score of the SF-36.1,3,5 The PREE has also been shown to exhibit high test-retest
reliability(>0.80)1,4 and excellent internal consistency (>0.90).5 It has also demonstrated high
sensitivity to change with large standardized response means (SRM) and effect sizes (ES) (>1).4,5
It has also been translated into German16 and Japanese.17
American Shoulder and Elbow Surgeons society – Elbow form (pASES-e): The pASES-e is
an 18 item self-report questionnaire designed to measure pain and disability arising from elbow
disorders.2 It has 3 sections on pain, function and satisfaction. The pain section has five items
and is scored on a 0 – 10 scale. The function section has 12 items scored on a 0 – 3 scale.
Patients are asked to rate both their affected and the unaffected side. The satisfaction section has
one item scored on a 0 – 10 scale. The clinical measurement properties of the pASES-e are also
well established. It has been shown that the pASES-e exhibits moderate correlations with the
PREE and the DASH.1,5 It has also been shown to have high internal consistency (>0.80)5 and
test-retest reliability(>0.90)1,4 and is highly sensitive to change with a large SRM and ES (>1).4,5
It has been translated and cross-culturally adapted into German.15
Content analysis of the PREE and the pASES-e using the ICF
ICF coding: The linking rules proposed by Cieza and colleagues were used to link the
meaningful concepts of the PREE and the pASES-e to the ICF.10-12 According to these rules,
each item of a health-status measure should be linked to the most precise ICF category; if a
single item encompasses different constructs, the information in each construct should be linked;
if the content of an item is more general than the corresponding ICF category, then the code of
the higher level is linked; if the information provided by an item is not sufficient for making a
decision about which ICF category the item should be linked to, this item is assigned nd (not
definable); if an item is not contained in the ICF classification, then this item is assigned nc (not
covered by ICF).10-12 In the current study, 11 two independent raters identified meaningful
concepts in each of the items on the PREE and the pASES-e and then linked these concepts
using the ICF codes independently. Consensus was measured between the raters by percentage
agreement (A) by dividing the observed agreement (O) by the possible agreement (P). 20
Percentage agreement (A)

O ser ed a ree ent O
Possi le a ree ent P
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Measure to ICF linkage: To measure the breadth of association between the concepts in the
easures and the ICF, a ‘ easure to ICF linka e’21 criteria was used. The ‘ easure to ICF
linka e’ was defined as the percentage of items from a measure that can be linked to ICF codes.
This percentage represents the extent to which the content in a measure could be expressed using
the ICF codes and was calculated using the following formula:
Measure to ICF linkage
Assessing the extent to which the ICF core set for hand conditions covers the content of the
PREE and the pASES-e
ICF core set linkage indicators: To define the depth and breadth of linkage between items of the
PREE and pASES-e and the ICF core sets for hand conditions, we used linkage indicators
developed by the second author (JMD).22 These indicators are simple equations that will enable
us to understand how well the content of the items of the PREE and pASES-e linked to the codes
in the ICF core sets for hand conditions. The ICF core set for hand conditions has two parts; a
comprehensive core set and a brief core set. The comprehensive core set includes 117 ICF
categories which includes 38 disability codes that can be taken into account when conducting a
comprehensive, multidisciplinary assessment. The brief core set consists of 23 categories which
includes 8 disability codes from the comprehensive core set to enable quick assessment of
individual patients in routine clinical practice. The following equations were developed as
indicators:
1) Measure to (brief or comprehensive) core set absolute linkage was defined as the
percentage of items from a measure that could be linked to ICF codes on the core set (brief or
comprehensive) and is calculated using the following equation:
Measure to (Brief or Comprehensive) Core Set Absolute Linkage
( )
Total nu

er of ite s on the

easure

2) Measure to (brief or comprehensive) core set unique linkage was defined as the percentage
of

easure’s ite s that could e linked to unique ICF codes and represented the extent to which

the items of a measure represent different content indicated by the core set. Once an item was
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coded to a core set item, additional items that coded to that same code were not counted again.
This indicator was calculated using the following equation:
Measure to (Brief or Comprehensive) Core Set Unique Linkage

Total nu

er of ite s on the scale

3) Core set representation was defined as the percentage of unique core set codes that appeared
when the

easure’s ite s were linked to ICF codes. This represents the extent to which the

entire scope of the content defined by the core set was represented on the measure. This indicator
was calculated using the following equation:
Core Set Representation

(

)

4) Core Set Unique Disability Representation was defined as the percentage of unique core set
disability codes that appeared when the

easure’s ite s were linked to ICF codes. For PROs that

were designed to measure disability, it is be important to determine the extent to which they
measure this aspect of content. This represented the extent to which the disability codes defined
by the core set were represented on the measure. Once an item was coded to a core set disability
code, additional items that coded to that same code were not counted again. This indicator was
calculated using the following equation:
Core Set Unique Disability Representation
( )

(

)
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RESULTS
Analysing the conceptual basis of the PREE and the pASES-e in light of the ICF
Measure to ICF linkage:
The PREE and the pASES-e covered the important ICF domains of body function / structure;
activity limitation and participation restriction while environmental factors domain was not
covered. Twenty one categories (Body structure/function – 5; Activity limitation/participation
restriction – 16) were required to link the items of the PREE to the ICF giving it a percentage
score of 100%. (See Figure 1) The pASES-e had a slightly lower score (94%) than the PREE.
(See Figure 1) The last item of the pASES-e “Are you satisfied with your el ow sur ery?” was
not-codable. On the whole, 15 categories (Body structures/functions – 5; Activity limitation and
participation limitation – 10) were used to link the items of the pASES-e to the ICF.
Agreement between raters:
The raters agreed with each other on most occasions, resulting in a percentage agreement of 96%
for the PREE and 95% for the pASES-e. (See Figure 1)
Assessing the extent to which the ICF core set for hand conditions cover the content of the
PREE and the pASES-e
1. Measure to (Brief or Comprehensive) Core Set Absolute Linkage
All the items of the PREE and all but one item of the pASES-e were linked to the categories in
the comprehensive core set for hand conditions resulting in an absolute linkage score of 100%
and 95% respectively. (See Figure 2) The absolute linkage score to the brief core set was 85%
for the PREE and 84% for the pASES-e (See Figure 2). The categories that were used to code 3
items of the PREE from The Specific Function Subscale, namely, “Use

y ar

to rise fro

the

chair” and “Use a telephone” and “Recreational acti ities”; and 2 items from the pASES-e “Rise
from chair pushing with ar ” and “Do usual sport”, were not part of The Brief Core Set for
Hand Conditions.
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2. Measure to (Brief or Comprehensive) Core Set Unique Linkage
The unique linkage of the PREE and the pASES-e to the unique codes on the comprehensive
core set was 65% and 68% respectively. (See Figure 2) A similar trend was observed for the
unique linkage of the 2 PROs to the brief core set for hand conditions. (PREE – 50%; pASES-e –
58%) (See Figure 2)
3. Core Set Representation
Both the PREE and the pASES-e represented less than 20% of the content of the comprehensive
core set while representing about 74% and 70% of the content of the brief core set. (See Figure
2)
4. Core Set Unique Disability Representation
The PREE and the pASES-e achieved a disability representation score of 32% and 26%
respectively when linked to the disability content of the comprehensive core set (See Figure 2).
When the unique core set disability content representation was analysed, both the PREE and the
pASES-e achieved a score of 100% (See Figure 2).
DISCUSSION
Although the PREE and the pASES-e were developed without explicit use of an ICF framework,
this study has established that the concepts of impairment and disability appearing on these two
scales are well aligned with ICF concepts. These two measures have also exhibited strong
linkage to a subset of ICF codes contained on the Hand Core Sets. This supports the content
validity of both the PREE and the pASES-e, since to measure symptoms (impairments) and
function in people with elbow conditions. The linkage indicators developed by MacDermid22
allowed us to summarize how the measures reflected content contained in the core set for hand
conditions and suggested that the core set is appropriate for guiding assessment of disability in
people with disorders of the elbow. Since the upper extremity often functions as a unit in
accomplishing life tasks, this suitability is understandable. These summary measures may be
helpful in comparing measures in future studies as it can be challenging to compare codes
without summary indicators.
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The content analysis performed in this current study provided a mechanism to compare
the two measures. This is used by clinicians to measure based on their content and how it
matches with their specific clinical need. Both the measures needed the same codes except for 3
instances. (See table 3, 4)The fact that both the PREE and the pASES-e were linked using almost
the same categories under the important ICF domains of body function/structure, activity
limitation and participation restriction and indicated that both the PROs are aligned to the ICF
and are equally good at measuring what they are intended to measure. Clinicians can use these
measures interchangeably depending on the level of comfort. Since the content is similar it is not
surprising that they had correlated well (r = 0.92; p<0.001) in a previous study which measured
the clinical measurement properties of these two measures.3,5
The pASES-e has three separate subscales and does not provide a total score. Previous
studies have questioned the inclusion of the ASES-e item on satisfaction from surgery as an
outcome indicator, since satisfaction can be affected by both process and outcome.1,5 In the
current study, the item on satisfaction from surgery was not codable using the ICF providing
further support that its content does not align with the remaining items -or the concept of
disability. This does however support the decision to not create a total score from the three
subscales of the pASESe, since inclusion of satisfaction might be expected to affect the
unidimensionality of the pASES-e. Since satisfaction

i ht e an i portant concept to track, it’s

inclusion on the ASES may be appropriate as long as users recognize that it is important to
consider this item as a separate construct.
The ICF does not have a core set that is specific to elbow disorders. Our current study
results indicate that the core set for hand conditions can also be used for disorders of the elbow.
The core set absolute linkage for the comprehensive core set is an important indicator that
indicates whether a measure overall can be compared to the core set. The fact that the PREE and
the ASES-e had a high score for this indicator provides initial support for the use of hand core
sets to assess elbow disorders. The results of the current study indicated that the brief and
comprehensive core sets for hand conditions have a wider scope with enough ‘ceiling’ to cover
concepts of the elbow PROs. Since the core set specifically refers to other joints like shoulder, it
is evident that the process for developing the core set to some extent must have considered the
upper extremity is a functional unit. It is unlikely that there will be a core set developed
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specifically for elbow conditions, and hence the finding that the core set for hand conditions was
useful for elbow conditions supports its use in other contexts where elbow disorders are a focus.
This also poses a strong case for inclusion of elbow disorders within the scope of use of the core
set for hand conditions. This is of great value to clinicians who are specialised in managing
upper extremity musculoskeletal disorders. Future research is needed to explore this area to
achieve the goal of having one common core set for the upper extremity.
Local dependency23 is an important issue when examining the dimensionality resulting
from concept redundancy between items of the same measure. Rasch analysis is typically used to
identify local dependency from a statistical perspective but we cannot explore the conceptual
basis of the problem though Rasch. ICF linking might help with this. ‘Measure to core set unique
linka e’ is a si ple indicator to identify item redundancy by looking at the unique codes to
which the items were linked. The difference between the core set absolute linkage and core set
unique linkage indicators would give a percentage score for redundancy of concepts. Our current
study results showed that there was at least a difference of 30% between the absolute and unique
linkage of items of the both the PROs and both the core sets indicating redundancy of concepts
between items. Redundancy in ICF can identify areas to explore, but does not necessarily mean
the items are not important. For example, the redundancy is partially related to multiple pain
items that all code to the ICF code but do explore different levels of pain irritability (at rest, at
worst, at night, or with activity) which may be valuable in clinical conditions where pain is a
predominant concern. The need for items that tap into the same ICF code can be determined
statistically through factor analysis24 and Rasch analysis.25 Ideally, the examination of content
would happen during development of measures since re-design of measures after their
publication and use, create confusion and inefficiency.
Both the PREE and the ASES-e are measures for self-reported pain and disability. The
‘core set unique disa ility representation’ is a unique indicator which examines how well these
measures are actually measuring the construct of disability by comparing them to a standardised
framework of the ICF. Both the PREE and the ASES-e covered a wide range of disability
categories on the ICF d codes ranging from d3 (communication) to d9 (Community, social and
civil life). The brief core set did not have enough scope to cover all the disability items and it
was saturated with a score of 100% for both the PREE and the ASES-e. This was not an
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unexpected result as the purpose of a brief core set is to have the necessary codes to assess a
patient condition by an individual healthcare professional and not a team.26 Moreover both the
PREE and the pASES-e are elbow specific measures with items that cover a wide range of
function that may not be of great importance for an individual clinician assessment but important
when a multidisciplinary team of clinicians are assessing a condition. This is supported by our
finding, only 32% (PREE) and 36% (pASES-e) of the disability codes from the comprehensive
core set were reflected in the content of the PROs. The purpose of the comprehensive core set is
to ha e an exhausti e list of codes that could help assess a person’s condition when a

ulti-

disciplinary team is involved.26 Thus this indicator validates two aspects simultaneously. Firstly
it validates the use of core set for hand conditions to cover the content of elbow PROs and
secondly validates the use of a PRO to measure disability.
The strengths of the current study was its standardized approach to quantifying the
relationship between the PROs and the core sets while following the standardised rules to link
the PROs to the ICF. The use of linkage indicators is a novel way of quantitatively analysing the
depth and breadth of linkage between the measures and the core set for hand conditions and the
ICF. Our study however was not without limitations. The use of two raters may have affected the
selection and agreement in linking. Additional raters might have provided additional codes or
insights. However, with high agreement we assume the linking was appropriately performed.
However probability of this error was minimal as both the raters were formally trained on the
process to link measures to the ICF and the second rater JMD was part of the expert group that
approved the core set for hand conditions at the international ICF consensus conference that was
conducted in Switzerland in 2009. We recommend future studies to examine linking to the hand
core set of measures from different regions (i.e. shoulder) or elbow/shoulder conditions (tennis
elbow or shoulder instability) to determine whether the hand core sets are useful in other
contexts, and to see the usefulness of the indicators we proposed and that are published for the
first time in this study.
CONCLUSION
The content of the Patient Rated Elbow Evaluation and the American Shoulder and Elbow
Surgeons Elbow Questionnaire was analysed against the ICF as the standard framework and was
found to align strongly with the ICF. This study has also provided preliminary evidence that the
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core set for hand conditions developed for assessing conditions of the hand are well aligned with
aspects of disability measured by elbow specific PRO suggesting that they may be appropriate
to guide assessment and management of elbow conditions. Future studies should focus on
validating the core set for hand conditions for use in assessing conditions of the whole of upper
extremity.
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Table 1: ICF linkage indicator for measure to ICF linkage and percentage agreement
between the raters
PREE (%)

ASES-e (%)

Measure to ICF linkage

100

94

Percentage agreement between

96

95

raters

PREE - The Patient Rated elbow evaluation; ASES-e - The self-report section of the American Shoulder
and Elbow Surgeons society – Elbow form
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Table 2: ICF linkage indicators to define the depth and breadth of linkage between items of
the PREE and pASES-e and the ICF core sets
PREE
Linkage indicator

1

Measure to Core Set

pASES-e

Brief core

Comprehensive

Brief core

Comprehensive

set

core set

set

core set

85%

100%

84%

95%

50%

65%

58%

68%

Absolute Linkage

2

Measure to Core Set
Unique Linkage

3

Core set representation

74%

17%

70%

15%

4

Unique core set disability

100%

32%

100%

26%

representation

PREE - The Patient Rated elbow evaluation; ASES-e - The self-report section of the American
Shoulder and Elbow Surgeons society – Elbow form
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Table 3: ICF linking of Patient Rated Elbow Evaluation
S.NO
1.
2.
3.
4.
5.

6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

ITEM

CODE

Pain
When it is at its worst
b280,
At rest
b280
When lifting a heavy object
b280,
d430
When doing a task with repeated elbow
b280,
movement
b710
How often do you have pain
b280,
b710
Specific Activities
Comb my hair
d520
Eat with fork or spoon
d550
Pull a heavy object
d445
Use my arm to rise from a chair
d410
Carry a 10lb object with my arm at my side d430
Throw a small object, such as a tennis ball
d445
Use a telephone
d360
Do up buttons on the front of my shirt
d540
Wash my opposite armpit
d510
Tie my shoe
d540
Turn the doorknob and open a door
d445
Usual Activities
Personal activities (dressing, washing)
d540,
d510
Household work (cleaning, maintenance)
d630 to
d649
Work (your job or everyday work)
d840 to
d859
Recreational activities
d920

DESCRIPTION
Sensation of pain
Sensation of pain
Sensation of pain,
Lifting and carrying objects
Sensation of pain
Mobility of joint functions
Sensation of pain
Mobility of joint functions
Caring for hair
Eating
Hand and arm use
Changing basic body position
Lifting and carrying objects
Hand and arm use
Using communication devices
Dressing
Washing oneself
Dressing
Hand and arm use
Dressing
Washing oneself
Household tasks
Work and employment
Recreation and leisure
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Table 4: ICF linking of American Shoulder and Elbow Surgeons – Elbow form
S.NO

ITEM

CODE

DESCRIPTION

Pain

6.
7.
8.
9.
10.
11.
12.

b280
b280
b280,
d430
When doing a task with repeated
b280,
elbow movements
b710
At night
b280
Function
Do up top button on shirt
d540
Manage toileting
d530
Comb hair
d520
The shoes
d540
Eat with utensil
d550
Carry a heavy object
d430
Rise from chair pushing with arm
d410

13.
14.
15.
16.

Do heavy household chores
Turn a key
Throw a ball
Do usual work

1.
2.
3.
4.
5.

17.
18.

When it is at its worst
At rest
Lifting a heavy object

d649
d445
d445
d840 to
d859
Do usual sport
d920
Satisfaction
How satisfied are you with the
nc
surgery?

nc – not codable

Sensation of pain
Sensation of pain
Sensation of pain,
Lifting and carrying objects
Sensation of pain,
Mobility of joint functions
Sensation of pain
Dressing
Toileting
Carrying for hair
Dressing
Eating
Lifting and carrying objects
Changing and maintaining body
function
Household tasks
Hand and arm use
Hand and arm use
Work and employment
Recreation and leisure
Not covered by ICF
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Figure 1: ICF linkage indicator for measure to ICF linkage and percentage agreement
between the raters

100%
100%
99%
98%
97%

96%

96%

95%

95%

94%

94%
93%
92%
91%

PREE

ASES-e

Measure to ICF linkage

PREE

ASES-e

Percentage agreement between
raters

92

Figure 2: ICF linkage indicators to define the depth and breadth of linkage between items
of the PREE and ASES-e and the ICF core sets
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CHAPTER 5: THE PATIENT RATED ELBOW EVALUATION AND THE AMERICAN
SHOULDER AND ELBOW SURGEONS – ELBOW FORM CAPTURE ASPECTS OF
FUNCTIONING THAT ARE IMPORTANT TO PATIENTS WITH ELBOW INJURIES
ABSTRACT
Background and purpose: The Patient Rated Elbow Evaluation (PREE) and the self-report
section of the American Shoulder Elbow Surgeons – elbow form (pASES-e) are two important
elbow specific self-report measures used in routine clinical practice. The objective of the current
study is to use the International Classification of Functioning Disability and Health (ICF) to link
aspects of functioning that are reported using the Patient Specific Functional Scale (PSFS) by a
cohort of patients with elbow disorders and compare it to the content of the PREE and the
pASES-e.
Design: Cross sectional study
Methods: One hundred patients with a variety of elbow disorders (Mean age and SD 53.88
(14.51); Range 16 to 89; M: F 48: 52) were recruited from the Roth McFarlane Hand and Upper
Limb Center. They self-endorsed important aspects of functioning using the PSFS. These
concerns were linked to the ICF using formal linking procedures. The linked ICF categories
were compared to those obtained by linking the items of the PREE and the pASES-e. Linking
was carried out by two independent raters and agreement was calculated using Kappa.
Results: A total of 423 self-reported functional activities were linked to 25 second level ICF
categories from the activity and participation domain. D640 doing housework was the most
common code (52%) followed by D540 Dressing (47%) and D475 Driving (35%). 71% and 50%
of the ICF categories used to link self-endorsed function were captured by the PREE and the
pASES-e respectively. D475 –driving (35%) and D440 - Fine hand use (24%) were the 2 major
categories that were not captured by the questionnaires.
Limitations: Patients were from a tertiary center and may not reflect the concerns of patient
attending a general practice.
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Conclusion: The PREE provided more comprehensive coverage of patients’ functional
concerns. Important aspects of function may be missed by sole reliance on standard self-report
measures.
Keywords: ICF; PSFS; PREE; pASES-e; Elbow disorders

95

INTRODUCTION
Healthcare has evolved to place greater emphasis on patient empowerment in the management of
their personal health. Patient empowerment can achieve better patient participation and selfmanagement of conditions.1, 2 The concept of patient empowerment is a multi-level construct.
One means of promoting greater patient empowerment is including patients in the assessment of
their state of health or functioning in addition to the traditional objective assessments performed
by their health care provider.2, 3 Patient reported outcome measures (PROM) have been
increasingly used in practice.4, 5 Previous studies have highlighted that PROMs complement
traditional clinician based outcome measures (CBO), allowing a holistic view of the health status
of patients.3, 6
Elbow pain and the resulting functional limitation can be caused by various structures in
dysfunction resulting in tendinitis, strains, sprains, bursitis, arthritis fractures, dislocations, etc.
depending on the anatomical structure that is involved. Although treatment varies by condition,7
common functional problems can be expected with elbow pathology. The elbow is the vital link
between the shoulder and the hand, helping to place the hand at target positions that would allow
it to perform various fine and gross motor activities.8 There are PROMs that are available to
measure functional limitation and pain caused by disorders of the elbow.9 Two of the commonly
used PROMs are the Patient Rated Elbow Evaluation (PREE)10, 11 and the self-report section of
the American Shoulder Elbow Surgeons – elbow form (pASES-e).12 Both these measures were
previously validated and have been reported to exhibit excellent psychometric properties.10, 13-18
The International Classification of Functioning Disability and Health (ICF) is a
biopsychosocial model providing a standard framework and classification to describe health and
health-related states.19 The ICF consists of the model and a hierarchical coding system to
describe health and functioning. The ICF has three domains: body functions and structure;
activity and participation and contextual factors, which include environmental factors and
personal factors. The coding system contains categories that are placed under each of the
domains. Personal factors do not have categories.19, 20
The ICF model has been previously used to create a core set of measures that would help
measuring quality of life, objective and subjective function in the upper extremity and also in
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elbow pathologies.16, 21 Simmen et al21 concluded that for assessment of the elbow along with the
other measures the PREE or the pASES-e can be used as elbow-specific patient reported
questionnaire to measure elbow function, while Liem et al16 have recommended the use of PREE
for the same purpose. Both of these studies have completed an initial validation of their proposed
measures and have recommended the use of them. Recently, these two PROMs have undergone
formal content comparison using the ICF linking process as described in the literature.22 It was
found that the PREE and the pASES-e align with the ICF framework and the subset of codes
contained on the core set for Hand Conditions. 22 This study concluded that both measures had
enough breadth and depth to help assess function in disorders of the elbow when considering the
ICF as a criterion comparator.22 However the above mentioned studies did not address the extent
to which these items reflected patient concerns.
As the PREE and the pASES-e have been recommended for use in the score set to assess
elbow disorders, they should also be reflective of the concept of patient centered care. As there is
limited information about the extent to which patients are instrumental in generation of items for
both the PREE and the pASES-e, it is important to examine the extent to which they reflect
patient concerns. Combining this information with existing evidence about the clinical
measurement properties, will provide confidence in patient-centered, evidence-based evaluation
of outcomes of patients with elbow disorders.24 The ICF is a standard for classification of health
related states and is an ideal criterion for content analysis and validation in functional outcome
measures.25
The objective of the current study is to use the ICF classification to summarize and
identify aspects of functioning that are reported as important by a cohort of patients with elbow
disorders and compare it to the content of the PREE and the pASES-e.
METHODS
Subjects: One hundred patients (Mean age and SD 53.88 (14.51); Range 16 to 89; M: F 48: 52)
with a variety of elbow disorders were recruited from the Roth McFarlane Hand and Upper Limb
Center at St. Joseph’s healthcare London, London ON, Canada. (See Table 1) Once they agreed
to participate, subjects signed an informed consent form. (Appendix 2&3)
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Procedure: To identify the aspects of functioning that are important to patients with elbow
disorders the Patient Specific Functioning Scale (PSFS)26 was used to collect self-nominated
functional concerns. We used this as previous reports have found that items generated through
the PSFS are more representative of the activity and participation domain of the ICF.27
Participants were asked to fill the questionnaire at the clinic waiting room. The PSFS is a selfreport measure allowing patients to identify up to 5 functional limitations and rate them on a
scale from 0 to 10, with 0 being “Unable to perform activity “ and 10 being “Able to perform
activity at the same level as before injury or problem”. This questionnaire has been validated in
many different conditions like knee dysfunction,28 radiculopathy,29 neck dysfunction,30 etc. It
was found to be valid, reliable and responsive.28-30 As the PSFS was used for item generation, all
nominated items were included in the analysis.
ICF linking of patient concerns: Once the data was collected, all the concerns were linked to
the ICF by a pair of raters independently. Both the raters had experience with ICF linking. The
first rater had more experience was part of the committee that contributed to the ICF Core Set for
Hand Conditions and trained the second rater 23 ICF linking rules proposed by Cieza and
colleagues were used.24, 31, 32 Each of the responses was linked with alphanumeric categories to
the most specific level that is possible. The ICF coding book33 and the ICF browser33, 34 were
used during linking. Only the first two hierarchical levels of categories were considered for
analysis to give a better overview of the areas that were highlighted by the responses to the
PSFS. If two items listed by a patient were linked to the same code, then that code was counted
only one time for that person. Once coding was complete, reviewers met to discuss the categories
and discuss discrepancies to achieve consensus. A third rater was available to resolve any
persistent disagreement.
Comparison to the PREE and the pASES-e: Once patient concerns were linked to the ICF, the
categories used were compared to those used to link the PREE and the pASES-e. The codes
represented on the PREE and the pASES-e have been described in the previous study.22
Data analysis
All statistical analysis was performed using SPSS version 22. Agreement was assessed by
calculating Kappa.35, 36 Frequencies of each of the categories were also calculated. It was agreed
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upon that a higher frequency in categories appearing while linking patient concerns indicates
greater importance. If a category was nominated by more than 25% of the subjects, the
functional concern was considered of high importance, while anything between >10% and <
25% indicate concerns of moderate importance. Categories that were used on 10% or less of the
subjects were considered as less important to our cohort of patients; however we recognize that
even infrequently reported codes are of concern to a subset of patients. These arbitrary
benchmarks were assigned to allow us to interpret our findings.
RESULTS
Linking of patient concerns to the ICF: One hundred participants nominated 469 functional
activities which they felt were important and affected by their elbow condition. All the concerns
were linked to the ICF. If an ICF category appeared twice for an individual then the duplicates
were removed. Once duplicate ICF categories were removed, 423 concerns remained which were
then analyzed. (See table 2) All the categories used to link these concerns to the ICF were from
the activity and participation domain (‘d’ categories). Twenty five unique second level categories
were used to link the concerns, from chapters D4 (Mobility) to D9 (Community, social and civic
life). Generally we did not have any problems with the linking with exception of one problem
that we encountered with the patient concern ‘babysitting’; this can be linked to two ICF
categories D 855 Non remunerative employment and D 7603 Extended family relationships, but
ultimately it was decided that non-remunerative employment would be more appropriate .
Agreement between the raters was very high (Kappa =100%).
Based on the predefined benchmarks that were proposed to identify the level of
importance of individual categories, 11 of the ICF categories that were used for less than 10% of
the participants were removed resulting in 14 second level ICF categories that were used for final
analysis. The category with the highest frequency was D640 – Doing housework, it was linked to
concerns of 52% of the participants. Since our sample was gender-balanced, this included a
variety of traditionally masculine or feminine and more neutral roles such as cleaning the house,
shoveling snow, gardening etc. (See Table 2) On the whole, ten categories were classified as
highly important to our cohort of patients (>25 %); this included D 540 Dressing; D 920
Recreation and leisure; D 475 Driving; D 440 Fine hand use amongst others. Four categories
were of moderate importance (10 – 25 %) to our cohort. The categories that were included in this
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tier were D 445 Hand and arm use; D 520 Caring for body parts; D 570 Looking after one’s
health and D 650 Caring for household objects. (See Figure 1) While categories like D 410
changing body position; D 530 Toileting; D 750 Informal social relationships were less
frequently nominated as being important functional concerns(<10%). (See Table 2)
Comparison to the PREE and the pASES-e: The extent to which, the nominated aspects of
functioning were captured by the two PROMs was different. (See Table 2) The PREE was able
to capture almost three fourths (10 out of the 14; 71%) of the ICF categories identified as
important by the participants of the study while the pASES-e captured only half (7 out of 14 ICF
categories; 50%). This analysis also pointed out some aspects of functioning that were important
to our participants but were not captured either by the PREE or the pASES-e; they are D475 Driving (35%); D440 - Fine hand use (24%); D570 – Looking after one’s health (17%) and D650
– caring for household objects (11%). In addition, the pASES-e did not capture 3 important
categories; of which D640 – Doing housework (52%) which was identified as the most important
category was one. There were also a few categories that were captured by the PREE and the
pASES-e that were less frequently identified as important by our participants; they are D410 –
Changing basic body position (3%); D530 - toileting (2%); D855 – Non-remunerative
employment (2%); and D360 – Using telecommunication devices and techniques (1%).
DISCUSSION
This study established that the PREE and the pASES-e were able to capture aspects of
functioning important to patients and that align with the ICF; with this happening to a greater
extent on the PREE than the ASES-e. Since all patients reported concerns were from the activity
and participation section (‘d’ categories) of ICF, this validated that the PROM measure this
conceptual domain. This was expected as the PSFS was designed to cover the activity and
participation domain of the ICF.27, 19
The exercise of using ICF language to compare the content of the elbow PROMs to the
aspects of functioning with that reported, without cueing, by patients has two implications. First,
it suggests that these PROMs may be useful in collaborative goal setting since they cover
patient-important aspects of functioning. Greater patient participation in setting goals for
treatment can contribute to patient empowerment3 and may facilitate adherence to treatment.
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This also suggests that one of the reasons patients value their clinicians using a PROM is that
they find them relevant.
Another contribution of this work is providing content validation data on the PREE and
the pASES-e, as a PROM for elbow conditions, since these were not previously subjected to a
formal test of their content validity.10, 12 Hence, this study with linking the PREE and pASES-e to
the ICF supports the content validity against the current standard in measurement of functioning
and disability, the ICF.25 The PREE and the pASES-e were developed independently at different
points in time. We found that 64% of the ICF categories appeared on both PROMs. Linking to
the same code adds to the construct validity of these two PROMs and also clearly indicates that
experts agreed on the importance of these concepts.
The breadth of item coverage indicates the bandwidth of the instrument while the depth
of coverage within an area of content indicates the precision of the instrument.24 The PREE and
the pASES-e have demonstrated acceptable breadth to capture diverse in the aspects of
functioning identified by the patients. Patient concerns were spread across from D4 (Mobility) to
D9 (Community, social and civic life), while the ICF categories used to link the PREE were from
D3 (Communication) to D9 (Community, social and civic life) and for the pASES-e they were
from D4 (Mobility) to D9 (Community, social and civic life). This adds evidence to the
acceptable level of band-width demonstrated by the 2 PROMs; and their ability to acknowledge
and identify the diversity of the difficulties experienced by patients with elbow disorders.
However, when comparing the depth of the PROMs, the PREE was better, capturing almost
three fourths of the ICF categories linked to the patient data. This suggests that the PREE
provides better coverage of function than the pASES-e; which may explain findings of previous
psychometric studies that have made similar conclusions about performance of these 2 PROM
based on quantitative analysis.13, 14
One major aspect of functioning that was totally missed by both the PROMs was driving.
Driving has become an important aspect of everyday living, being routinely used by a substantial
subset of people and a greater necessity where public transport is absent. For example in the UK,
in 2012, trips made by car were identified as 68% of all trips.37 Previous studies have identified
driving as an important component that affects the ability of a patient to function
independently.38-40 This concept is infrequently covered by PROMs specific to other regions of
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the body. A previous study on patients with wrist injuries has identified a similar trend; they
found that none of the 8 PROMs measuring pain and disability in wrist conditions covered the
concept of driving.41 Conversely, the Neck Disability Index, does contain driving as an item and
it has been one of the most problematic items on the measure, and is frequently left blank by
participants who do not drive.42 In some countries, this has been extremely problematic since
females are less likely to drive in some cultures. The implications of this are that clinicians may
need to consider driving and transportation needs as an issue to explore with patients, which will
not be detected by routine PROM administration. Future revisions to PROM that wish to
incorporate the concept, may need to use more global items like “transportation”, or
“driving/being a passenger” to be sufficiently inclusive since missing items are a problem in
outcome measurement.
‘Fine hand use’ was the other important concern that the 2 PROMs missed to capture.
Generally, the primary role in fine hand use goes to the hand to perform specific fine motor
tasks. A previous study by Coehnon and colleagues41 identified that all the 8 PROMs measuring
hand function included fine hand use as one of their items. The elbow couples with shoulder to
position the hand in space to perform fine motor activities.8 While it is clear that fine hand use is
function of the hand, it sparks a debate whether this should be included in elbow outcome
measures with the elbow playing an indirect role. The limiting factor in the hand tasks cited by
patients was the ability to place the hand in the correct position due to limited elbow motion.
Some elbow questionnaires use the item “using a telephone” to capture the elbow motion needed
to bring a functional item into range. However, more modern cell phones are often not used with
the same elbow range of motion requirements as older land-based telephones. Thus, over time
the content validity of this item may have deteriorated. Qualitative interviews are needed to find
ways to generate an item that would capture difficulty positioning/stabilizing the hand in order to
accomplish fine hand activity - to maintain patient centeredness and theoretical construct
validity.
Exercising was another functional activity that was missed in the content of both the
PROMs. More and more people are embracing exercises to maintain optimal health. According
to a report from World health Organization (WHO) on physical activity globally 69% of adults
aged above 15 were active.43 This means more than two thirds of the world’s population does
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some kind of physical activity regularly. Many forms of physical activity or exercise would
involve elbow motion, strength and stability. Ability to maintain personal health was also cited
by patients with distal radius fractures as a concern in a similar study.44 This justifies the
inclusion of exercises in to these PROMs in the future.
The strengths of the current study are sampling a substantial number of patients with a
variety of elbow conditions. The ICF is considered the gold standard in measurement of
functioning and disability25 and provided a strong reference standard. Our study also had some
limitations; since participants reported the important aspects of functioning in a structured
written format, there was very minimal opportunity to check the intended meaning with the
patient. Qualitative interviews with smaller numbers of patients may provide a deeper
understanding of patients’ functional concerns. However, qualitative approaches cannot assume
generalizability. We mitigated the potential for misclassification, by checking over items
generated by patients and clarifying where necessary, while patients were in attendance.
Secondly, our patients were from a tertiary care center which might prevent the generalizability
of the results of this study to general population. However, there is no rationale for why the
functional concerns of patients to attend a tertiary center would be different than the general
public from which they are drawn.
CONCLUSION
The current study identified aspects of functioning that were important to patients with elbow
disorders and was able to identify a diverse list of functional activities involving the elbow. The
use of ICF to compare the content of the PREE and the pASES-e to the content of patient data
indicated that the PREE had demonstrated optimal levels of breadth and depth to capture
majority of the aspects of functioning identified as important by patients. Future studies should
incorporate items like driving and exercise into these PROMs to improve their scope and
precision. Future studies might explore how driving/transportation needs and positioning the
hand for fine hand use might be optimally addressed. PROMs should be revisited at least every
10 years to adapt to the changing trends in the society and culture which might deem some of the
items unfit while pointing out to the need for new contemporary items.
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Table 1: Patient characteristics

Characteristics

Values
n = 100

Male : Female

48:52

Age (mean and SD)

53.88 (14.51)

Range

19 to 89 years

Surgery (Yes: No)

85 : 15
Diagnosis %

Osteoarthritis

4

Tennis elbow

1

Bursitis

1

Elbow pain

2

Elbow contractures / stiffness

3

Ulnar neuritis

7

Ligament tear

1

Biceps rupture

9

Triceps rupture

3

Terrible triad

1

Distal humerus fractures

19

Radial head fractures

37

Proximal ulnar fractures

11

Failed total elbow arthroplasty

1
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Table 2: Table showing the aspects of functioning captured by PREE and pASES-e

S. No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

ICF
code
D170
D210
D360
D410
D415
D420
D430
D440
D445
D450
D455
D475
D510
D520
D530
D540
D550
D570
D630
D640
D650
D760
D850
D855
D920

%

Description

6
1
1
3
7
2
27
24
19
1
5
35
30
12
2
47
28
17
28
52
11
3
32
2
27

Writing
Undertaking a single task
Using communication devices and techniques
Changing basic body position
Maintaining a body position
Transferring oneself
Lifting and carrying objects
Fine hand use
Hand and arm use
Walking
Moving around
Driving
Washing oneself
Caring for body parts
Toileting
Dressing
Eating
Looking after one's health
Preparing meals
Doing housework
Caring for household objects
Family relationships
Remunerative employment
Non-remunerative employment
Recreation and leisure

PREE

pASES-e

PREE - Patient Rated Elbow Evaluation; pASES-e - self-report section of the American Shoulder Elbow
Surgeons – elbow form; % - percentage of participants reported the ICF category as important
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Figure 1: Spider plot showing the distribution ICF categories and their importance based
on patient responses

D430 Lifting
and Carrying
Objects
D920
Recreation
and Leisure
D850
Renumerative
Employment

60

D440 Fine
Hand Use

50
D445 Hand
and Arm Use

40
30
20

D650 Caring
for Household
Objects

D475 Driving

10
0
D510
Washing
Oneself

D640 Doing
Housework

D630
Preparing
Meals

D520 Caring
for Body Parts
D570 Looking
After One's
Health

D540 Dressing
D550 Eating

% of participants identifying the
ICF category as important
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CHAPTER 6: RASCH ANALYSIS OF THE PATIENT RATED ELBOW EVALUATION
ABSTRACT
Background: The Patient Rated Elbow Evaluation (PREE) was developed as an elbow joint
specific measure of pain and disability and validated with classical psychometric methods. More
recently, Rasch analysis has contributed new methods for analyzing the clinical measurement
properties of self-report outcome measures. The objective of the study was to determine aspects
of validity of the PREE using the Rasch model to assess the overall fit of the PREE data, the
response scaling, individual item fit, differential item functioning (DIF), local dependency,
unidimensionality and person separation index (PSI).
Methods: A convenience sample of 236 patients (Age range 21-79 years; M: F- 97:139) with
elbow disorders where recruited from the Roth McFarlane Hand and Upper Limb Centre,
London, Ontario, Canada. Patients completed the PREE at baseline after surgery and this data set
was used for analysis. Rasch analysis was conducted using RUMM 2030 software on the 3 sub
scales of the PREE separately.
Results: The 3 sub scales showed misfit initially with disordered thresholds (17 out of 20
items), uniform DIF with two items (“Carrying a 10lbs object” from specific activities subscale;
and “household work” from the usual activities subscale); multidimensionality and local
dependency. The Pain subscale satisfied Rasch expectations when item 2 “Pain – At rest” was
split for age group, while the usual activities subscale readily stood up to Rasch requirements
when the item 2 “household work” was split for gender. The specific activities sub scale
demonstrated fit to the Rasch model when sub test analysis was performed to cancel out local
dependency. All three subscales of the PREE were well targeted and had high reliability (PSI
>0.80).
Conclusion: This study has indicated that the three sub scales of the PREE are reliable and can
provide interval level scaling with rescoring of the 0-10 scale. In future clinical applications and
research studies, these alternative scoring procedures can be used to obtain an unbiased linear
interval level data for the PREE.
Keywords: Patient Rated Elbow Evaluation, Rasch analysis, Elbow disorders, DIF, PSI, Chisquare, Fit residual
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INTRODUCTION
Quantifying pain and disability using patient-reported outcome measures (PROM) is an
integral part in the evaluation of patients with any health condition. PROMs can be used to
assess patient status, help set treatment goals and expectations; and more commonly to assess
change following treatment interventions.[1] PROMs are used to assess outcomes in routine
clinical practice, clinical research, and treatment trials because they provide a patient centered
perspective which may differ from that provided by clinician based outcome measures (CBO).[25] Currently, there are two different approaches to assessment of clinical measurement properties
of rating scales 1) Traditional psychometric methods[6] and 2) Modern methods (Rasch
analysis[7] and Item response theory[8]). It has been suggested that Rasch analysis has a greater
potential to identify the strengths and weaknesses of rating scales than traditional psychometric
methods.[9]
A majority of currently available PROMs were developed prior to widespread use of
Rasch and exist as an ordinal scale.[10] Issues have been raised with respect to the ability of
these ordinal scales to provide a true quantitative scale that represents patient status along a
continuum.[10-12] Forrest and Anderson (1986)[10] reported that when several items are
measured on ordinal scales it is far from certain that the sum of scores has even ordinal
properties. Merbitz et al. (1989)[12] commented that ordinal scales of measurement do not
support the mathematical operations needed to calculate means and standard deviations. One of
the most important assumptions of parametric analysis is that the variables must have been
measured on the interval scale, so that it is possible to interpret the results.[13] The Rasch model
provides a potential solution by providing a means to transform non-linear ordinal score to a
more linear interval score, thus making the interpretation of the results possible and meaningful.
The Patient Rated Elbow Evaluation form (PREE)[14, 15] is a 20 item self-report
measure, consisting of two sections, pain and function and the function section has two sub
sections- ‘specific activities’ and ‘usual activities’. Responses are rated on a numeric rating
scale. The pain section has five items of which four of them rate pain from ‘no pain’ (0) to ‘worst
ever’ (10). The fifth item rates how often the patient has pain with responses ranging from
‘never’ (0) to ‘always’ (10). The responses on the function scale are anchored at ‘no difficulty’
(0) and ‘unable to do’ (10). The function section has 15 items regarding personal care, household
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work, occupation and recreational activities out of which 11 items fall under the specific
activities sub-section and 4 items are under the usual activities sub-section. All the scores are
computed to obtain a global score out of 100. Higher PREE total scores reflect greater pain and
disability.
The PREE has been considered a valid and reliable measure based on studies that have
demonstrated strong clinical measurement properties using traditional psychometric methods.
MacDermid et al (2001)[14] and Vincent et al (2013)[16] both reported construct validity with
Pearson’s correlations ranging from 0.49 to 0.84. The PREE has been found to have a very high
level of internal consistency with Cronbach’s alpha values above 0.90.[16, 17] In terms of
longitudinal validity, the change scores correlated well with the change scores of other measures
measuring similar construct.[16] In evaluating treatment effectiveness, the PREE has been
reported to be highly responsive with large effect sizes and SRMs of 1.6 and 1.7
respectively.[16]
Angst et al (2005)[18] analyzed the factor structure of the PREE along with the patient
component of the ASES-e and the DASH and have reported three principal components
explaining around 89.2% of variance, of which the component ‘physical specific’ to which the
PREE items loaded the maximum explains around 60.1% of variance. Vincent et al (2013)[16]
reported an exploratory factor analysis, with principal component analysis. Four main
components of the PREE were identified explaining about 77.2% of variance of the
questionnaire’s total score. These factors supported that the pain and usual items separated into
individual subscales; items within the specific activities subscale separated into two components
reflecting light and heavy activities.
Rasch analysis is a relatively recent addition to the family of analyses used to test the
psychometric properties of rating scales. Rasch analysis is the formal testing of how well items
and questionnaires follow axioms of clinical measurement that are linked to a mathematical
measurement model called the Rasch model.[19] During Rasch analysis, responses from a set of
individual questions from a questionnaire can be tested against response patterns predicted by the
model. The pattern expected by the model is a deterministic pattern that follows a strict
hierarchical ordering of items called Guttman scaling.[20] The PREE has been validated using
traditional psychometric methods [14, 16-18] and has not been subjected to Rasch analysis which

114

means that interval level scaling has not been verified. Further, the potential for bias in different
types of respondents has not been evaluated. Most studies using the PREE must assume interval
level scaling or that parametric statistics are so robust that this will not affect results, since most
rely on parametric statistics to make their conclusions, lack of interval level scaling or
differential item functioning may lead to incorrect estimation of effects or false study
conclusions.
Hence the purpose of the study was to conduct a Rasch analysis of the PREE to assess the
overall fit to the Rasch model, the response scale used, individual item fit, differential item
functioning (DIF), local dependency, unidimensionality and person separation.
METHODS
Research design: Cross sectional study using Rasch analysis
Participants
PREE scores were extracted from the charts of a cohort of 236 patients (Age range 21 - 79 years)
who had completed outcome evaluations during surgical management of a variety of elbow
conditions at the Roth MacFarlane Hand and Upper Limb Centre at St Joseph’s Healthcare in
London, Ontario. The cohort included patients who have undergone biceps tendon repair, total
elbow replacement arthroplasty, radial head fixation and radial head arthroplasty. Subjects were
included in the study if they underwent a surgical intervention for elbow pathology, were aged
20 and above and had completed the PREE. Subjects with cognitive impairment and
communication difficulties due to neurologic or psychiatric disorders were excluded from the
study.
Procedures
We selected the baseline post-operative data point to conduct a cross-sectional analysis since this
time point is commonly used in assessment; and we anticipate that there would be substantial
variability in patient responses.
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RASCH ANALYSIS
Rasch analysis was performed using the RUMM 2030 software.[21] The 3 subscales of the
PREE were analyzed separately for sources of misfit to the model using the analysis listed
below. Since multiple testing was done, Bonferroni corrections were applied throughout the
analyses as an adjustment. The steps laid out by Tenant and colleagues were followed. [22]
Likelihood ratio test: There are 2 types of Rasch models that can be used with a polytomous
dataset. They are the rating scale model [23] and the partial credit model.[24] The rating scale
model constrains all thresholds of responses to be equally spaced across the trait for all of the
items.[25] The partial credit model places no constraints on the threshold parameters.[24] To
determine which model to use we first performed a formal test called the Likelihood-Ratio
Test.[26] If the result of this test is not significant then the rating scale model would be used and
if the result is significant then the partial credit model will be used.[22] We used a partial credit
model based on a significant likelihood ratio test.
Inspection of class interval structure: The number of class intervals and the distribution of
persons were inspected by looking for intervals to be approximately equally distributed.[22]
Examination of the Thresholds: Category probability curves help us to examine responses to
an item.[27-30] Examination of the category probability curves can reveal disordered thresholds,
meaning inconsistent use of response items by the respondents. This is a common source of item
misfit. Disordered thresholds occur when respondents have difficulty consistently discriminating
between response options.[31] Potential solutions for correcting disordered thresholds include
collapsing of the categories to improve the overall fit to the model.[32]
Fit statistics: The following important fit statistics are inspected when assessing the fit of the
data to the Rasch model.
Item/person fit residuals: This tests the degree to which the Guttman pattern is achieved.[33] If
the items and persons fit the model, we would observe a mean of approximately zero and a
standard deviation of 1. The individual item and person–fit statistics are expressed as residuals.
To say that the item and person fit the model we expect the residuals to range between + 2.5.[26]
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Item-trait interaction: This is tested to assess the property of invariance across the trait and is
reported as a chi-square.[34] If the chi-square value is significant, this supports the presence of
variance across the trait for hierarchical ordering of the items, compromising the required
property of invariance.[26, 35]
Reliability indices: The Person-Separation-Index (PSI) [36-38] indicates the ability of the
construct to discriminate amongst the respondents. The value of 0.7 is considered by convention
to be the minimum acceptable level of PSI. The PSI determines the number of groups of patients
between whom we can statistically differentiate. A value of 0.8 is representing the ability to
statistically differentiate at least 3 groups. A value of 0.9 would indicate the ability to
discriminate between 4 or more groups.[38, 39] PSI is an indicator of how much we can rely on
the fit characteristics.[38] Lower PSI indicates less reliability.[37]
Differential item functioning (DIF): DIF is another potential source of item bias resulting in
misfit of the data to the model. Despite having the balance of underlying characteristics, different
groups can respond in a different way to the same item. DIF can be detected graphically (Item
characteristic curves) and statistically (ANOVA). Uniform DIF is indicated by a significant main
effect for the person factor (gender in this case), while the presence of non-uniform DIF is
indicated by a significant interaction effect (gender x class interval).[32] There are 2 types of
DIF- a) Uniform DIF, where the group shows a consistent systematic difference in their
responses to an item, across the whole range of the attribute being measured; b) When there is
non-uniformity in the differences between the groups (e.g. it varies across levels of the attribute)
then this is referred to as non-uniform DIF.[32] With Uniform DIF the problem can be remedied
by splitting the file by group and separately calibrating the item for each group. Non-uniform
DIF is more problematic because there is no mathematical adjustment; and typically it would
require removing the item from the scale.[22] We assessed DIF for gender and age groups.
Local dependency: A violation of local independence occurs when examined item responses
depend not just on their trait level, but on their responses to other test items.[40] Principal
component analysis (PCP) [41, 42] of the residuals was done as a test for local independence. An
inter-item residual correlation > 0.3 was used as a cut-off to indicate local dependency. [40] The
residuals were inspected visually and the lack of any meaningful pattern in was taken as an
indicator of local independence and consequently unidimensionality of the scale. [43]
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Unidimensionality: This was formally tested by the method proposed by Smith where we allow
the factor loadings on the first residual to determine subsets of items and then testing, by a paired
t test, to see if the person estimate derived from these subsets significantly differs from that
derived from all items.[43] We expect the percentage of tests that are significant (P<0.05) should
be less than 5%, for the questionnaire to be unidimensional.
Targeting: Every questionnaire should be well-targeted towards the patient population in
question. In other words the difficulty of the items of a questionnaire should be slightly higher
than the ability of the targeted population. This was analyzed by plotting the person-item location
threshold distribution graph with distributions of persons on the top half of the graph and item
thresholds at the bottom half of the graph. The average person location should be zero logits.[22]
RESULTS
There were no missing data and all 236 cases were determined to be valid by the RUMM 2030
software. The 3 sub scales were analysed separately. The class intervals were checked throughout
the analysis for consistency and the cases were nearly equally distributed between the groups.
(See table 1, initial analysis)
Handling of data to fit the Rasch model:
Pain subscale: Analysis of the 5 items of the pain sub scale revealed slight deviation from the
Rasch model requirements as indicated by a high and significant item trait interaction (p<0.001).
(See table 1) Items 3, 4 and 5 exhibited disordered thresholds. Individual item fit was excellent
indicating acceptable levels of discrimination.(See table 3) Uniform DIF for age group was
observed for item 2, “Pain - At rest”. (See Table 4) Unidimensionality was acceptable. (See
Table 1; initial analysis) The Reliability Index was high with a PSI of 0.87. No meaningful
pattern of local dependency was observed.
To improve the overall fit to the Rasch model items 3, 4, and 5 were rescored. Then item
2 was split for age group; this resulted in excellent item fit and non-significant item trait
interaction. Uniform DIF (Age group) for item 2 was not evident. (Table 5) Unidimensionality
was observed and no local dependency was present. The reliability improved to be 0.90. (See
Table 1; final analysis) Targeting was also good as indicated by the person item threshold map.
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(See Figure 2 A) This implies that this sub scale has a good coverage for elbow disorders related
to pain. Hence, this was accepted as the final model.
Specific activities subscale: Rasch analysis revealed that the 11 item specific activities subscale
has marked deviations from the Rasch model expectations. This was evident from, the disordered
thresholds (11 out of the 11 items); the property of invariance was compromised because of large
and significant chi square value that was observed. There was a breach of unidimensionality as
well. (See Table 1; initial analysis) Local dependency was observed between the following
items, Item 1 “Comb my hair”; Item 2 “Eat with a fork or spoon”; Item 3 “Pull a heavy object”;
Item 5 “Carry a 10lb object with my arm at my side”; Item 9 “Wash my opposite armpit”; Item
10 “Tie my shoe”. The only meaningful pattern observed was for item 3 and 5 that were about
heavy objects. DIF analysis revealed that none of the items exhibited DIF for age group or
gender. (See table 4). Individual item fit was excellent indicating acceptable levels of
discrimination.(See table 3) and the reliability of the scale was high (PSI = 0.83). (See Table 1;
initial analysis)
To improve the fit of the specific activities subscale to Rasch model various actions were
taken. Initially the 11 items with disordered thresholds were rescored. Thresholds were more
disordered in the middle of the 0-10 scale. So categories were collapsed to a 5 point or a 6 point
scale depending on the item. (See Table 2; Figure 1) To deal with local dependency, subtest
analyses was done to see if they cancelled at the sub test level. Testlets were created by
combining items 1 and 2; 3, 4 and 5; and 8, 9 and 10. When the subtest analysis was completed
local dependency was cancelled, the chi square residual became non-significant indicating
acceptable fit of the data to the Rasch model. Unidimensionality was observed. The reliability
improved to be 0.91. (See Table 1; final analysis) Targeting was acceptable with enough
coverage (see figure 2 B)
Usual activities subscale: The usual activities subscale initially demonstrated misfit to the
Rasch model with disordered thresholds for three of the four items (items1, 3 and 4). There was
no DIF for age group. Uniform DIF for gender was observed for item 2 “Household work
(cleaning, maintenance)”.(see Table 4) There was no breach of the properties of invariance,
local independence and unidimensionality. Reliability was acceptable (PSI = 0.82). (See table 1;
initial analysis)
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To improve the fit of the scale to the Rasch model the items with disordered thresholds
were rescored to reorder them. (See table 2). To deal with DIF for gender, item 2 was split for
gender. The final analysis rendered the data to fit the Rasch model, increasing reliability of the
sub scale (PSI = 0.86) and bringing down the chi square value. (See table 1; final analysis) The
scale was well targeted as demonstrated by the person-item threshold map. (See figure 2 C)
DISCUSSION
The results of this Rasch analysis support the claims made by classical test methods on the
psychometric properties of the PREE. [16] It has pointed to areas of improvement in scoring for
the PREE to derive an unbiased patient reported estimate of pain and disability in elbow
disorders.
The Rasch measurement model provides a relatively recent approach to development and
evaluation of clinical measures and provides an in depth analysis of measurement traits on
aspects less attended by previous psychometric analyses. Since many currently used measures
pre-date the common use of Rasch- they may not necessarily have been developed in a way that
fulfills the requirements of Rasch model. The PREE however, exhibited acceptable level of fit to
the Rasch model requirements with less complicated data handling. By assessing the fit of the
PREE data to the Rasch model, and following a sequential Rasch approach to assess potential
sources of misfit we have identified areas that need to be improved to achieve a linear interval
score. These interval scores can accurately reflect change in patient disability status; whereas an
ordinal scale cannot.[13]
The PREE had 17 items (3 items from the pain sub scale; 11 from the specific activities;
3 from usual activities) with disordered thresholds out of the 20 items. This draws our attention
to the 0 to 10 numeric rating scale (an ordinal scale) used in this self-report measure. Similar
findings have been observed in the Patient Rated Wrist and Hand Evaluation (PRWHE), the wrist
and hand counterpart of the PREE.[44] One of the possible reasons for this large number of
disordered thresholds could be that there are too many options for the patients to choose from,
that is, there are too many options for patients to calibrate. [23, 45] Another possibility is that
the questions are too difficult for the patients to answer. However, during development of this
measure patients preferred the 0-10 scale as they it found easier; and found the items easy to
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understand. [14] Furthermore, the PREE was shown to be well-targeted with a person-item
location slightly less than the average of zero logits, which discounts item difficulty as a
problem. (See figure 2) Rescoring of these items as indicated in table 2 places additional burden
on the clinician but may retain ease of administration. Alternatively the scaling can be redesigned
to be a 6 point (0-5) scale. However, it might be challenging to select the right descriptors for
this scale. Further, the 0-10 scale is commonly used in clinical practice and is more sensitive and
easily understood than VAS scales. [46] Finally, such a substantial change on the basis of one
study might be preliminary- particularly since changes to scoring were able to address most
measurement concerns. Therefore, it seems that rather than changing the scale, changing the
scoring is a preferable approach.
In all the three sub scales none of the items demonstrated a misfit as indicated by fit
residuals that were within acceptable limits. (See Table 3) This indicates that none of the items
were over discriminating. We observed a large and significant chi square initially for the specific
activities sub scale indicating the presence of a latent trait violating the property of invariance.
However this got adjusted when testlets were created in the sub test analysis. Our PSI was
acceptable (PSI> 0.80) indicating that our sample size was adequate for this Rasch analysis.
To satisfy the assumptions of unidimensionality it is suggested that three sub scales of the
PREE be considered separately. Scoring pain and disability subscales separately aligned with the
developers original intention of having these subscales and establishing scale reliability,[14] and
is in agreement with recommendations for the similar PRWE both based on Rasch analysis[44]
and expert consensus.[47] However, many studies continue to report the total score of pain and
disability measures, perhaps because having a single primary outcome measure is preferred for
study design and interpretation. Where such a composite score is used, the user should be careful
to analyse the deconstructed measure and insure that conclusions are not affected by pooling.
Unidimensionality was not an issue with the pain and usual activities subscale. However,
the specific activities subscale exhibited multidimensionality. This confirms the observations
made through an exploratory factor analysis where the specific activities subscale loaded onto
more than 1 factor.[16] In the current study the cause for multidimensionality was local
dependency observed between the items. However this local dependency cancelled out when
subtest analysis was performed. This indicates that there are some redundant items in the specific
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activities subscale that could potentially be reduced. Since the measure is established and brief,
the benefits of this would need consideration.
In the pain sub scale of the PREE the item “Pain: At rest” was the source of misfit. This
item demonstrated a uniform DIF for age group. This is not surprising as previous basic science
research findings indicate that pain tolerance is reduced as people age and this means there is a
possibility of older people perceiving their pain levels different from the younger ones, which is
evident in our sample.[48-50] We identify this as a potential area of concern that should be
tested in other samples and with larger sample sizes.
Uniform DIF for gender was observed for the item “Household work (cleaning,
maintenance)” (p=0.001) under usual activities of the function subscale. There can be genderbased differences in “household work" with men usually performing heavier household work
while women tend to do lighter work [51] or a greater portion of the work. [52] This may explain
why men and women answered this question differently. Gender was considered as a potential
source of differential response when designing this scale (which pre-dated Rasch). [14] We
recommend future studies to look into the gender differences in responding to the PREE items.
Since we only examined differential item functioning based on gender and age group, there is a
need to conduct examination for other potential sources including affected side. More clinical
constructs can be added to the DIF analysis to see how the individual items are behaving with the
different constructs. Since gender and age are commonly reported in clinical research studies, the
distributions of these may need to be considered when interpreting the PROM reported in clinical
studies in patients with elbow conditions that use the PREE or other measures where Rasch has
not been used to insure interval level scaling.
With the increasing use of Rasch, new flaws are being detected in many PROMs that
were developed using more traditional clinimetric approaches. This has potential to improve
clinical measurement by improving or discarding tools that do not provide valid measurement.
However, we suggest a cautious approach in suggesting changes to measures. Different Rasch
analyses on the same scale across different studies have reported different findings and made
different recommendations about what changes should be made. We found that changing the
scale scoring to meet Rasch based interval level scaling can have an impact on study
conclusions, [53] but few others have undertaken such evaluations when proposing that scores
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need to be changed. When the threshold for changing PROM is low, this can result in a range of
published PROM variants with no clear choice of the best option. The potential benefits to
change the scale must be weighed against the well documented knowledge translation challenges
in implementation of PROM [54] and need for consistency across comparisons. Hence, we
suggest that where findings are consistent with previous psychometric findings and support the
current PREE (with item rescoring) then this warrants continued use of the current PREE. Where
we have found suboptimal measurement findings that are not consistent with that reported in
other studies or across time-points we suggest caution and further study.
The strengths of the current study are its high PSI values, high Cronbach's alpha and the
excellent power of fit with a sample size of 236 patients. The limitations of the current study are:
not all elbow disorders were represented and that we looked at DIF only for gender and age. We
recommend future studies include a variety of elbow disorder patients; evaluate other potential
sources of differential item functioning such as occupational demand, severity of injury, level of
education, Worker’s Compensation Insurance Board (WCIB) claims and other social factors that
might determine the DIF. Our findings questioned the measurement properties of the items of the
specific activities subscale. It might be worthwhile exploring the stability of our findings before
implementing substantial changes- particularly in light of the strong psychometric properties
demonstrated in previous studies using classical test methods. In one of our previous studies we
found that the PREE has demonstrated excellent internal consistency, construct validity,
longitudinal validity and sensitivity to change.[16] Angst et al have also found the PREE to
demonstrate acceptable levels of validity, reliability and responsiveness. [18]
CONCLUSION
All the three sub scales of the PREE appear to be robust when tested against the Rasch model
amenable to few changes. Rasch analysis has highlighted areas needing further investigations
and potential modification of the rating scale due to the misfit caused by disordered thresholds in
our sample. Additional studies are needed to assess the optimal format and scoring of the PREE.
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Table 1: Summary fit statistics for individual subscales of the PREE

Analysis

Item fit
residual
Mean

Person Fit
residual

Item-trait
interaction

Unidimensionality

SD

Mean

SD

Chi square
(df)

P

Per C<5%
(95% C.I)

1.02

-0.34

0.88

13.77 (15)

0.54

0.05 (0.02 – 0.07)

0.90

0.90

PSI

PAIN SUBSCALE
Initial

Final

-0.01

-0.09

0.94

-0.34

0.87

17.87 (18)

0.47

(since items were split for
DIF)

SPECIFIC ACTIVITIES SUBSCALE
Initial

0.08

1.27

-0.32

1.21

55.96 (33)

0.01*

0.1 (0.07 – 0.13)*

0.90

Final

0.05

1.82

-0.39

1.08

10.87 (15)

0.76

0.03 (0.01 – 0.06)

0.91

0.94

13.39 (12)

0.34

0.02 (0.01 – 0.05)

0.82

0.82

(since items were split for
DIF)

0.86

USUAL ACTIVITIES SUBSCALE

Initial

Final

-0.72

-0.55

0.56

1.02

-0.41

-0.44

1.02

6.01 (10)

*Source of misfit to the Rasch model; SD = Standard deviation; df = Degrees of freedom; per
C<5% = proportion of t tests that were significant at level of significance of 0.05; 95% CI = 95%
confidence interval; PSI = Person separation index; PREE – Patient Rated elbow Evaluation
For the data to satisfy Rasch model requirements:
 Mean is expected to be approx. around zero (Can range between + 2.5);
 S.D. should be approx. 1;
 Chi square value is expected to be small and statistically non-significant;
 For a measure to be unidimensional per C<5% should be less than 0.05; if it is higher than
0.05 then look into the lower limit the 95% confidence interval if it is less than 0.05 then the
measure is unidimensional.
 PSI (Person separation index) should be greater than 0.70 for the summary statistics to be
reliable;
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Table 2: Table showing the structure of scores for individual items of the PREE

Item
PAIN SUB SCALE
Pain - When it is at its worst
Pain - At rest
Pain - When lifting a heavy object*
Pain - When doing a task with repeated elbow movement*
How often do you have pain?*
SPECIFIC ACTIVITIES SUB SCALE
Comb my hair*
Eat with a fork or spoon*
Pull a heavy object*
Use my arm to rise from a chair*
Carry a 10lb object with my arm at my side*
Throw a small object, such as a tennis ball*
Use a telephone*
Do up buttons on the front of my shirt*
Wash my opposite armpit*
Tie my shoe*
Turn the doorknob and open a door*
USUAL ACTIVITIES SUB SCALE
Personal activities (dressing, washing)*
Household work (cleaning, maintenance)
Work (your job or everyday work)*
Recreational activities*

0

1

2

3

4

5

6

7

8

9

10

0
0
0
0
0

1
1
1
1
1

2
2
1
2
2

3
3
2
3
3

4
4
3
4
4

5
5
4
4
4

6
6
5
5
5

7
7
5
5
5

8
8
6
6
6

9
9
6
6
6

10
10
7
7
7

0
0
0
0
0
0
0
0
0
0
0

1
1
1
1
1
1
1
1
1
1
1

1
1
1
1
2
1
1
1
1
1
1

1
1
1
2
2
2
2
2
1
1
2

2
2
2
2
3
2
2
2
2
1
2

2
2
2
3
3
2
3
3
2
2
2

2
3
2
3
4
3
3
3
2
2
2

3
3
3
4
4
3
3
3
3
2
3

3
3
3
4
4
3
4
4
3
2
3

3
3
3
4
4
3
4
4
3
2
3

4
4
4
5
5
4
5
5
4
3
4

0
0
0
0

1
1
1
1

1
2
1
1

2
3
2
2

2
4
2
2

3
5
3
3

3
6
3
3

4
7
4
3

5
8
4
4

6
9
4
4

7
10
5
5

*Rescored items; PREE – Patient Rated elbow Evaluation
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Table 3: Initial fit statistics for individual items of the PREE
Fit statistics
Item
PAIN SUB SCALE
Pain - When it is at its worst
Pain - At rest
Pain - When lifting a heavy object
Pain - When doing a task with repeated
elbow movement
How often do you have pain?
SPECIFIC ACTIVITIES SUB SCALE
Comb my hair
Eat with a fork or spoon
Pull a heavy object
Use my arm to rise from a chair
Carry a 10lb object with my arm at my
side
Throw a small object, such as a tennis ball
Use a telephone
Do up buttons on the front of my shirt
Wash my opposite armpit
Tie my shoe
Turn the doorknob and open a door
USUAL ACTIVITIES SUB SCALE
Personal activities (dressing, washing)
Household work (cleaning, maintenance)
Work (your job or everyday work)
Recreational activities

Location

SE

-0.32
1.32
-0.67

Fit residual

Chi Square

Chi square
probability

0.05
0.04
0.06

0.88
-1.10
1.05

1.62
2.05
3.85

0.66
0.56
0.28

-0.36

0.05

-1.28

4.35

0.23

0.03

0.06

0.06

1.87

0.60

0.50
0.55
-1.25
-0.35

0.08
0.08
0.09
0.07

-1.42
-1.26
-0.91
-0.12

7.70
4.15
1.07
3.08

0.05
0.25
0.78
0.38

-0.82

0.07

2.29

13.61

0.003

-0.60
0.63
0.42
0.44
0.37
0.10

0.08
0.07
0.07
0.08
0.10
0.08

0.96
1.03
0.91
-1.04
1.27
0.56

0.24
5.69
2.64
6.41
6.19
1.43

0.97
0.13
0.45
0.09
0.10
0.70

0.86
-0.04
-0.35
-0.47

0.06
0.05
0.07
0.07

-0.97
-2.17
0.25
0.65

1.91
3.95
2.01
0.12

0.39
0.14
0.37
0.94

SE-standard error; PREE – Patient Rated elbow Evaluation
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Table 4: DIF summary (gender) for the individual items of the PREE
Uniform DIF for Gender
Item
PAIN SUB SCALE
Pain - When it is at its worst
Pain - At rest
Pain - When lifting a heavy object
Pain - When doing a task with repeated elbow
movement
How often do you have pain?
SPECIFIC ACTIVITIES SUB SCALE
Comb my hair
Eat with a fork or spoon
Pull a heavy object
Use my arm to rise from a chair
Carry a 10lb object with my arm at my side
Throw a small object, such as a tennis ball
Use a telephone
Do up buttons on the front of my shirt
Wash my opposite armpit
Tie my shoe
Turn the doorknob and open a door
USUAL ACTIVITIES SUB SCALE
Personal activities (dressing, washing)
Household work (cleaning, maintenance) *
Work (your job or everyday work)
Recreational activities

Non-Uniform DIF for
Gender
D
MS
F
P
F

MS

F

D
F

P

3.76
0.83
0.00

4.31
1.28
0.00

1
1
1

0.04
0.26
0.96

0.88
1.00
0.10

1.01
1.53
0.10

3 0.39
3 0.21
3 0.96

1.58

2.43

1

0.12

0.07

0.11

3 0.95

0.40

0.50

1

0.48

0.50

0.62

3 0.61

3.25
0.10
0.00
1.52
0.11
3.34
0.90
0.04
0.51
0.49
0.00

4.76
0.14
0.00
1.77
0.08
3.35
0.84
0.04
0.67
0.47
0.00

1
1
1
1
1
1
1
1
1
1
1

0.03
0.71
0.97
0.19
0.78
0.07
0.36
0.84
0.41
0.49
0.99

0.29
1.37
0.15
1.20
0.79
3.08
0.53
2.73
0.37
0.20
2.11

0.42
1.97
0.19
1.39
0.60
3.08
0.49
2.72
0.49
0.19
2.21

3
3
3
3
3
3
3
3
3
3
3

0.74
0.12
0.90
0.25
0.61
0.03
0.69
0.05
0.69
0.91
0.09

0.65
6.68
3.24
3.74

1.03
14.28
4.35
4.61

1
1
1
1

0.31
0.00
0.04
0.03

-0.16
-0.06
0.72
0.27

-0.25
-0.14
0.97
0.33

2
2
2
2

0.99
0.99
0.38
0.72

* Items exhibiting Uniform DIF. An item was considered to exhibit DIF if P values are significant
after applying Bonferroni correction factor; PREE – Patient Rated Elbow Evaluation
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Table 5: DIF summary (Age Group) for the individual items of the PREE
Uniform DIF for Age
Item
PAIN SUB SCALE
Pain - When it is at its worst
Pain - At rest*
Pain - When lifting a heavy object
Pain - When doing a task with repeated elbow
movement
How often do you have pain?
SPECIFIC ACTIVITIES SUB SCALE
Comb my hair
Eat with a fork or spoon
Pull a heavy object
Use my arm to rise from a chair
Carry a 10lb object with my arm at my side
Throw a small object, such as a tennis ball
Use a telephone
Do up buttons on the front of my shirt
Wash my opposite armpit
Tie my shoe
Turn the doorknob and open a door
USUAL ACTIVITIES SUB SCALE
Personal activities (dressing, washing)
Household work (cleaning, maintenance)
Work (your job or everyday work)
Recreational activities

Non-Uniform DIF for
Age
D
MS
F
P
F

MS

F

D
F

P

1.55
2.98
1.29

1.77
4.82
1.36

3
3
3

0.15
0.00
0.26

0.92
0.79
0.40

1.05
1.28
0.42

9 0.40
9 0.25
9 0.93

1.31

2.02

3

0.11

0.44

0.68

9 0.73

0.89

1.11

3

0.35

0.63

0.78

9 0.64

0.38
0.62
1.23
1.25
3.96
1.74
0.99
2.05
1.94
0.29
1.39

0.58
0.90
1.58
1.41
3.32
1.69
0.94
1.99
2.54
0.27
1.46

3
3
3
3
3
3
3
3
3
3
3

0.63
0.50
0.20
0.24
0.02
0.17
0.42
0.12
0.06
0.84
0.22

1.38
0.84
0.50
0.45
2.20
1.14
0.94
0.65
0.21
0.57
1.05

2.08
1.20
0.64
0.51
1.84
1.11
0.89
0.63
0.27
0.54
1.10

9
9
9
9
9
9
9
9
9
9
9

0.03
0.30
0.76
0.86
0.06
0.35
0.54
0.77
0.98
0.85
0.36

0.07
1.38
0.95
2.41

0.10
2.83
1.28
2.99

3
3
3
3

0.96
0.04
0.28
0.03

0.12
0.33
1.33
0.47

0.19
0.67
1.81
0.58

6
6
6
6

0.98
0.67
0.10
0.74

* Items exhibiting Uniform DIF. An item was considered to exhibit DIF if P values are significant
after applying Bonferroni correction factor; PREE – Patient Rated Elbow Evaluation
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Table 6: Principal component analysis (PCP) showing first component loadings for
individual items of the PREE
ITEM
PAIN SUB SCALE
Pain - When it is at its worst*
Pain - At rest
Pain - When lifting a heavy object*
Pain - When doing a task with repeated elbow movement*
How often do you have pain?*
SPECIFIC ACTIVITIES SUB SCALE
Comb my hair*
Eat with a fork or spoon*
Pull a heavy object
Use my arm to rise from a chair
Carry a 10lb object with my arm at my side
Throw a small object, such as a tennis ball
Use a telephone*
Do up buttons on the front of my shirt*
Wash my opposite armpit*
Tie my shoe*
Turn the doorknob and open a door
USUAL ACTIVITIES SUB SCALE
Personal activities (dressing, washing)
Household work (cleaning, maintenance)
Work (your job or everyday work)*
Recreational activities*

*Positively loaded items; PREE – Patient Rated elbow Evaluation

PRINCIPAL
COMPONENT 1
0.01
-0.69
0.74
0.55
-0.43
0.12
0.09
-0.69
-0.42
-0.63
-0.33
0.35
0.74
0.59
0.45
-0.13
-0.61
-0.65
0.68
0.72
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Figure 1: Showing disordered threshold for item 5 “How often do you have pain?” of the
pain subscale

A) Before rescoring

B) After rescoring
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Figure 2: Person-item threshold distributions for the individual subscales of the Patient
Rated Elbow Evaluation questionnaire showing targeting

A)

Pain Sub scale

B) Specific Activities sub scale
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C) Usual Activities sub scale
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CHAPTER 7: GENERAL DISCUSSION
Summary
In order to use a patient reported outcome measure (PROM) in routine clinical practice it
is important to understand the reliability, validity, responsiveness, cost and utility of the measure.
The PREE and the pASES-e have been recommended as candidates for assessment of pain and
disability alongside other measures addressing different aspects of assessment of the elbow,
when a comprehensive assessment of the elbow is performed by a clinician.1,2 We conducted a
thorough literature review on the clinical measurement properties of these two measures and
identified potential gaps in the literature. Our purpose was to evaluate the psychometric
properties of the PREE and the pASES-e and to fill some of the current gaps in the literature,
while acknowledging the validation of an outcome measure is an ongoing process.
In our first study we evaluated construct validity, internal consistency, factor structure,
longitudinal validity and sensitivity to change of the PREE and the pASES-e. We found that the
PREE and the pASES-e exhibited acceptable levels of construct validity with the DASH, SF-36
and between themselves; they exhibited high internal consistency with narrow confidence
intervals and acceptable levels of sensitivity to change as indicated by large responsiveness
indices. The findings of this study corroborated previous studies3-5 and added additional
information about the performance characteristics of these two scales. This study added new
information on the internal consistency, factor structure and responsiveness of the PREE and
pASES-e.
In our next study (Chapter 3- Objective 2) we synthesized the existing knowledge on the
clinical measurement properties of the PREE and the pASES-e by conducting a systematic
review. We based our synthesis on nine high-quality studies identified in the peer-reviewed
literature. This synthesis indicated that that the PREE and the pASES-e have been shown to
demonstrate acceptable levels of psychometric properties in currently published studies. On the
other hand, this synthesis also indicated gaps in the literature and included recommendations for
future research that were needed to provide more comprehensive evidence about the performance
of these clinical measurement tools. The remainder of the thesis was able to address some of
these gaps.
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Two important and complementary recommendations from the systematic review were
the need for more formal content validation of the two PROMs and the need for evaluation with
modern psychometric methods like Rasch analysis. Formally analyzing content using an
internationally accepted framework like the ICF would help in widespread use of these PROMs
across borders, languages and cultures.6 Since formal content evaluation had not been previously
published on either of these measures, this was one important aspect in understanding the
conceptual domains addressed by these tools. Conversely, the metrics by which these conceptual
domains are measured is equally important. Modern psychometric methods like the Rasch
provide analytical techniques to evaluate item performance in terms of targeting, bias and ability
to provide linear unbiased interval level scores. 7
Content analysis is the initial step in validating any patient reported outcome measure. In
Chap 4 (objective 3) we used the ICF to analyze the content of the PREE and the pASES-e. We
found that both these measures align to the framework of the ICF focusing on the activities and
participation section of the ICF indicating that the content of items was well aligned with the
proposed domains of pain and upper extremity functional disability. By linking both
questionnaires we were able to provide new information about the concepts covered by these two
measures which can be useful in comparing their content and future cross-cultural translations.
Further we applied recently developed linkage indicators which allowed us to summarize the
depth and breadth of the linking between the two measures and the ICF.
Patient centered care and patient oriented research are key themes in current healthcare
delivery and research.9,10 In Chap 5 (Objective 4) we compared the self-endorsed concerns of
patients regarding limitations in daily activities to the content covered by the PREE and the
pASES-e using ICF as a common ground for comparison. We found both the PREE and the
pASES-e covered acceptable ground in terms of patient concerns. When both the PROMs were
compared, the PREE covered a larger percentage of concerns then the pASES-e.
Rasch analysis is the new addition to the myriad of psychometric techniques that are
available to test the psychometric properties of PROMs.7 Chapter 6 (Objective 5) of the thesis
presented a Rasch analysis of the PREE. The PREE with minimal statistical adjustments and data
handling satisfied the Rasch model requirements. This added a substantial body of support for
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the rigorous psychometric properties of the PREE, since Rasch analysis had not been employed
during development or published in subsequent validation studies.
Integrated Knowledge Translation and clinical implication
This thesis engaged researchers and knowledge users (hand surgeons, hand therapists and
physiotherapists) within each phase of the research study. They were central in guiding the
development and execution of the research process and thus will engage in sharing information
about implementation of these measures in the evaluation of elbow conditions in clinical practice
and research. This may facilitate successful knowledge translation of the results.
Clinical implications include the routine use of PREE and the pASES-e in clinics with
elbow patients as these two PROMs have better clinical utility with no cost, taking less time (3
minutes) and can be administered and interpreted with minimal training. Also both measures
exhibited acceptable levels of psychometric properties which would foster clinician confidence
upon the results and interpretations obtained from these two PROMs.

Content analysis

suggested that the PREE may provide a broader scope of items; although there was insufficient
research done within this thesis to suggest that one tool was superior. In fact, given high
correlations between the measures one might expect that come to similar conclusions. On the
whole both the PREE and the pASES-e can aid clinicians in evaluating, discriminating and
predicting pain and disability in patients with elbow disorders.
Contributions of the thesis to measurement theory and practice
Clinical measurement was the backbone of this work and this thesis may contribute substantially
to the advancement of the theory and practice of not just measurement of elbow pain and
disability but also to the field of clinical measurement in general. In our work we found that the
modern psychometric methods provided a different measurement perspective that agreed with
the results of classical test methods. For e.g. in the second chapter we found that with the
exploratory factor analysis the items of the PREE function section loaded on to multiple factors
indicating multidimensionality. During the Rasch analysis the function section was clearly
multidimensional and we were able to identify that, the source of multidimensionality was local
dependency. Thus the modern methods confirm the findings of the traditional methods and also
provide a means of identifying the source of the problem and correcting it. Another new
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innovation was the use of linkage indicators to quantify the depth and breadth of linkage between
the PROM and the ICF. This is a simple, straightforward and novel method of understanding the
linkage and the unique characteristics of the relationship between the items of the PROMs and
the ICF. These linkage indicators have not been tested previously. Hence, this needs to be further
analyzed in different populations and conditions to understand the full extent of their usefulness
and to recommend them for routine use.
Strengths and the limitations
The strengths of this thesis are its wide variety of psychometric approaches that were used to
evaluate the PREE and the pASES-e providing evidence from different perspectives and
methodologies. We used classical psychometric methods like construct validation, factor analysis
to modern psychometric methods like Rasch analysis. Positive findings using multiple statistical
methods, that have different assumptions and analytical techniques provides stronger validation
and more in-depth psychometric analysis of these two PROMs. This strengthens the clinical
applicability by increasing the confidence of the clinician in selecting a PROM. The combination
of classical and modern psychometric methods is a particular strength to this thesis.
Beyond understanding elbow disability measures, this thesis also allowed us to expand
our findings to the field of clinical measurement. It was interesting to find how the findings from
the modern psychometric methods complemented those of classical test methods. Another
strength of this thesis is that the individual studies were fully powered. All the three studies that
involved human subjects had a sample size of at least 100 subjects. This increases our confidence
that the findings of the studies are valid, and allowed for relatively precise estimation of the
measurement properties. Another strength of the thesis was that a systematic review was used
to identify gaps in the literature that were subsequently addressed in primary research studies.
This thesis also had limitations. Within the context of a thesis, it is not possible to
address all of the gaps identified in the literature. Understanding of the measurement properties
of tools is an ongoing process that requires tools be evaluated for multiple properties, from
multiple perspectives, using qualitative and quantitative methodologies, testing across different
patient populations and across different contexts and measurement purposes. One limitation in
our work is that the majority of participants came from a tertiary care surgical center. Thus, the
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majority of the subjects involved in the studies were patients who had presented for elbow
conditions that required surgical management. This would reduce the generalizability of the
findings of this thesis to surgical elbow conditions. Future studies should include patients
subjected to non surgical treatment as well.
We did address all relevant clinical measurement properties. However we did miss some
indices. For example, we did not report the standard error of measurement or minimal clinical
important difference for the PREE or pASES-e. Calculation of measurement error and clinically
meaningful change would have made these two measures powerful tools in measuring pain and
disability arising out of elbow disorders.
Another limitation was that the Rasch analysis of the pASES-e was not performed.
Therefore, we cannot inform users whether or not this scale provides interval level scaling or has
concerns with respect to targeting or biases tested for the PREE. Given that the content analysis
showed that the PREE had a broader coverage of ICF concepts, it would have been useful to
determine the extent to which each of these measures demonstrated quantitative psychometric
properties assessed by the Rasch model.
Future directions
Future studies should include subjects with elbow disorders that are managed conservatively.
This can greatly increase the generalizability of the results obtained. Based on our observation
from the systematic review we recommend that studies should explicitly state their hypothesis
when conducting psychometric studies; clear, specific and succinct conclusions are also needed.
We also recommend the future studies to include anchor based methods to calculate minimal
clinically important difference (MCID) and standard error of measurement (SEM). This would
greatly help in clinical discrimination. We also recommend the Rasch analysis of PREE at
different follow-up time point and population to check the stability of the findings of the current
Rasch analysis. Rasch analysis of the pASES-e is highly recommended. Further head to head
comparisons of the responsiveness of the PREE and ASES-e and Rasch analyses are needed
before definitive conclusions about preference or interchangeability of these measures can be
defined with confidence.
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